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Ina paper on the determination of strear 

LeRoy . Sherman, M. Am. ‘Soc. E. 2 undertook, 1 rough the summation 

daily increments of run- -off, not only to establish ‘the maximum flow result- 

ing from ‘a recorded 1 rainfall, but to produce the stream hydrograph, a — 

to a remarkable degree parallels the. phenomenon of ‘stream flow pro 


The results of a study, the outgrowth | of an in 


paper, is ‘preseinted herewith. It treats, of other aspects: of the problem “a 
offers a procedure that is believed to be | an approach to determinate stream ws! 


flow. The transition from rainfall to stream flow is : accomplished through — 


the of a “distribution ‘graph which is found to be a function of 
‘water-shed characteristics, The possibility of developing the 
graph without resorting to the 2 stream-flow re records is is shown. ay he “pluviagraph,” 

or maximum hydrograph, is discussed, and its value to design in the field 


af f hydraulic engineering is demonstrated. 

study utilizes six water- sheds of from 500 to 6.00 000 sq ‘miles and em- 
braces practically the, entire ‘State of Ohio. These water- “shed re select ed 
‘from the unregulated streams | served by: the ‘United States Geological 
and Tepresent an ac acceptable range in area ‘and d water-s -shed characteristics. 


‘ Only ‘such illustrations are ‘included are necessary to demonstrate the 


points raised. in the paper. A complete copy ¢ of the ‘original paper, with all 


data and drawings, is filed for reference in Engineering Societies. Library; 


29 West 39th Street, New York, N.Y. 


Discussion on this paper will be closed in April, 1934, Proceedings. 
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DETERMINATE ‘STREAM FLOW 


general interest in the flow of a stream ites itself into: (1) The 


conservation of water for such useful purposes as irrigation and ‘power 
development; ry (2) the ‘disposal of flood-waters without loss’ or damage. 
In the latter case the objective will be the determination of maximum values 
: of flood volume or stream stage, depending on the nature of the problem and 
The ideal situ situation is that of a Jong-ter term flow record applicable 
to the location of the structure to be designed, if the project is one of 
aS c flood protection, however, or of channel improvement, , that disturbs the 

y regimen of the stream ; or if the water- shed i is subject to further development, 


even this record must be modified to meet the new conditions of delivery and 


As is more generally the case, , the , designer i is forced to deal with a short- 


= record on the stream itself, must extrapolate : a record of a a neighboring 


stream having similar water-shed characteristics, o or must attempt “to establish 
a the , magnitude an and frequency ¢ of yarious flood flows’ by. analyzing the factors” 
that produce them. dealing with such problems, complexities have dis- 
couraged all except a comparatively superficial treatment of the problem. 
px. The evolution of this science is ; interesting. The best of the older em- 
pirical formulas expressed flood obey a function of area only; others ir intro- | 
duced rainfall rate and slope factors. ‘More : recent, studies are to be divided 
into two groups. One group, utilizing recorded stream flow, relates flood 


“flow to area by means of and which tend to become 


express flood flow as a function of. ‘gtorm, “intensity, more recently giving 
- values to such factors as ‘storm frequency and 1 duration, and water- shed char- 
acteristics. Further development. of the former ‘method is restricted by a 
data source rendered inadequate through poor ‘distribution and short-record 


- period. .™ The latter group, advocating the rational method, or some modifica- 


tion of it, “must develop, through research, values for several important 
| am Jas The objective i in n this field may | be stated thus; A method of determining 
flood flow in terms of magnitude, duration, and frequency, at ‘any point on 


stream, within a region having the same range in climatological, 
_ topographical, , hydrological, and geological conditions. "The method must give 
determinate values to. all principal factors” ‘affecting run-off and ‘must 
the minor {influences into ‘coefficients that approach ‘constant values 
‘Tegional application. must utilize available data only, which, i in this 
are limited to the published records of the United States Weather 

Bureau and the United States Geological Survey. ‘The method must ae 


Pola 
the test of reproducing the stream hydroeteph accurately. 


The foregoing “specification” has stipulated that the 
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ble of ‘utilising published Weather ‘Bureau and Sur 
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DETERMINATE STREAM FLOW 


records. This assumes their application to the larger” water- shade on 
which the time unit for the unit gra 
ay or more. The advantages of general availability and distribution far 
utweigh the disadvantages and objections which are set forth, with suggested © = 


emedies, in a recent Committee report.’ Other improvements in this 7 


net. easy of would be: : (1) All stations 
take readings on. the ‘same hour; (2) notation of hour and depth at 


of period of continuous downpour, within: the 24- hr interval ; and 
Unit Graph. —Defining the of “unit 
4 Sherman, M Am. Soc. 0. E., states* t that, for th the same di ‘drainage area there . 
is a definite total flood period corresponding to a ‘given ‘rainfall, and that : 
the length of the base of the hydrograph will be the same for all 1- day — 
According to Mr. Sherman, “Sf a given one- day rainfall produces a 1-in. 
“depth of run-off | over the given area, the hydrograph showing the 
‘ rates at which the run-off occurred can be considered a unit-graph for that 


_ The unit graph is constructed by segregating the daily stream flow result- 7 


ing: from a single downpour of 1 day (or. the other time unit), from the 
flow occasioned by previous : and subsequent rainfall. | This, by proportion, is. 
converted into run- -off, in feet, per second, equivalent, to a depth of 1i in. “over. 


‘the area, and becomes the unit graph of the water-shed. prota 


The hydrograph is developed through the following procedure: (a) Daily 


rainfall, properly weighted, is listed by date; 3 (b) a coefficient is applied, 
| reducing: rainfall to run- -off, in inches of depth; (c) the un ‘unit- -graph value for 
each day, multiplied by the Tun- -off depth, gives the increment of stream 1 flow 
‘atteibutable on that day t to the daily rainfall so affected ; and the hori- 
er summation of the run-off increments, day by day, produces the total 
flow and becomes the ordinates of the hydrograph. 
The Distribution Graph. —The 1 writer’s ‘conception nef the theory on which 
the unit graph is based, is as follows: For a particular water-shed, two 
storm n periods confined to the same time interval and uninfluenced by -preced- 
ing and subsequent rainfall will become effective to stream flow at the same 
proportional ‘rate, expressed as a percentage of the area contributing its 
run-off to the flow of the stream, at the point of observation , day by day. 
‘This i is to be conceived ; as a time contour, which, having developed around 


| 


“the point of concentration, recedes to the outer limits of the: water- shed, 


progressively enveloping the various portions as they contribute to the flow, 

reaching the extremities when all ‘parts have contributed and ‘the area nde 

the distribution graph i is equal to 100 per cent. 


... Here, as ; in the unit- -graph method, the concentration period may be 
3 defined as a time interval, at the end of which all parts of the water-shed - 
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"should apply, as well, ‘to the time interval used in the method 1 to 
‘establish the critical | average ‘rainfall intensity ; ‘but it will be found that the 


concentration period, as usually estimated or calculated, is much shorter. 
The calculated time in transit ‘of flood-waters from head-water to outlet 
the Tuscarawas ‘River, at Newcomerstown, Ohio, is between 3000 and 
4 000 min, while its distribution graph shows that only about one-half its 
has become effective to the stream flow that period. The error lies” 


ina misconception of f the meaning of “ remote area.” gt It i is usual to consider | 


part of the water-shed in the vicinity of the head-waters as establishing 
concentration time because of its. ‘distance from the outlet. As a matter of 


fact, the ‘efficiency, of the main channel, through higher velocities, places: 
-head- water areas ‘much closer’ to the outlet ‘a: terms of time than extensive 


areas nearer but less advantageously 


Pe = It is difficult to select from the rainfall record, a storm of the type which 


a. will produce a hydrograph s suited to the construction of the distribution graph 
of 1 the water-shed. The task requires s boundless patience a and the application of = 
unusual care” and judgment. ‘Upon first attempt is convinced ‘that 
any result ¢ can be obtained. ‘A storm period, to produce the ‘distribution | graph 
the water- -shed, must have the following characteristics: The rain 
must hone fallen’ within the recording time interval, | or the time unit, as 
=) the day (or hour) 3 (2) t the storm must it have been well, distributed over the 
-shed, all stations showing ; an appreciable depth of rainfall; (8). 


run-off following storm must have been baie effects of 


rainfall until the flood peak i is well passed. tal 


in) Certain unavoidable ‘sources: of ‘error and. inaccuracy must recognizer 

ati: * and a accepted i in 1 dealing with Weather Bureau data. At some rainfall stations 
Be 2 —— are made at 8:00 A. M.; at others, at 5:00 P. M. Iti is highly prob- 
ae ef _ able that at many of the co- operative stations 1 readings are , taken at irregular 


"interval, ‘the ‘record going in as a forenoon or an afternoon observation. A 


Ce storm of 24 hr, « or less, may be divided by the ‘recording hour, 
appearing in the 1 record as a 2- day storm. 3 Particularly on small water- sheds 
«it is possible that the entire rainfall may have fallen in the first hour, the 
peak ‘on the twelfth hour, and the flow, officially recorded on the twenty 


fourth hour, may be only a small fraction of the maximum. Stream flow 


follow a period stream flow and there should be 


Ca) 


is 8 recor as a 24-hr average, obscuring true ‘maximum values, particu ar y 

4 


‘Table includes all data used in developing the distribution graphs for 
ca + six water- ‘sheds embraced by this paper. is In every case | but | one at least — 
three storm ‘periods “were found which gave acceptable graphs, the average F 


being taken as as the distribution graph for the watershed, 
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of a quantitative value as in n the. ‘unit In developing it, 
_ rainfall record is only necessary to check the isolation, duration, and distribu- 
T - tion of the storm period and to determine the date on which subsequent 
i= rainfall affected the flow of the | stream, at which point. the record is to he 
abandoned and the further recession of the flood flow estimated. 
By taking a number of storm periods followed by intervals of no ‘no rainfall, 
Se composite “recession curve” can be prepared which gives a dependable idea 
i of how the base flow would have fallen and the flood flow would have nena 


the area under all distribution graphs is equal to 100%, ‘the differences 
he between water-sheds are reflected in the respective shapes of their distribution | 
graphs. It is ‘apparent, too, that the distribution graph demonstrates the 
inadequacy area as the basis comparison between water-sheds, 


by ‘Fig. 1. Here, arises the need for some means evaluating 
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the haracteristics of a water- shed which markedly change the shape. of the 
distribution graph on “water-sheds of approximately the same area. 
Elsewhere’ the writer has segregated from the general “expression of 
-off* the factors representing water- shed characteristics into the 
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and e, a positive fractional of ¢, the duration o: of ‘rainfall intensity 


_ Table 2 gives the values of the various factors entering into the determina- 


tion of U in Equation (1). In its further use on large water- sheds - the 


Raccoon Licking | “Hocking Walhonding Tuscarawas Muskingum 


Description 


M, in square miles. . 944 
L, inf 380 «(284 300 te 401 200 
constant) 

(a constant) . 

S, in feet per 1 000 ‘ft. 

(ac constant)... 


factor, P, should be. re- e-tabulated and its range of values checked. : The values 


given for the | factor, F, in Table 2 are known to be inaccurate, the writer 
having no direct | data at hand regarding channel shape a1 and condition. The” ; 
--values of L and S were taken from the ' topographic ‘maps of the U. S. Geo- 
4% ‘If the influences of the water- shed upon run- -off can be e separated from . 
the ‘influences of the storm, and if these water- shed influences are given a 


in Fig. 2, ‘to any over which geological and 

- conditions are, in general, the same. This enables the designer, after raped > 
“determined the value of U, ‘to select, at any point on any stream within the > 
“region, a distribution graph for its water- shed. The value of this’ procedure 
to st stream- flow problems, at points w where no flow records are available, can af 


relationships between the value of U, ‘the daily value of the dis- au 
tribution graph, and the progressive duration of the storm period, for the ta 
region embraced by the study, can be stated as follows: For any particular — z 
day within the storm period the daily: value of the distribution graph 
creases directly as the five-thirds | power of U to maximum daily value; then 


it the two- thirds power of Furthermore, for a 


directly the ‘of the storm in days, to a maximum value, 
then it recedes inversely as the square of the storm m duration, i indayss = 
Pee - Consistent results from the use of the chart are shown in Table 1, the last fe 


i] 


regeodueed hydrograph serves the principal purpose of of demonstrat. 
ing the “utility” of the method proposed and is the means of developing 


column in the table giving: a distribution graph for each water- shed, the t 


emote portion of the watershed 

must depending on the shape and condition of the 

” _to its outlet; F, a constant, depe 
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Table 3 the arrangement of the computation sheet for 
4 Tus carawas River, at Newcomerstown. procedure i is, as follow: 
1 —Daily rainfall is taken from the: monthly climatological ‘record, 
weighted’ according to station-area distribution listed « the proper. 
date i in Column (2). 
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4 the date on which the occurred. ley to gular 
 8—The rainfall increments are and 


the effective rainfall 1 depth, D, is listed in Column (14), 


| 4-—The 24-hr | average observed stream flow is taken fro the Geelogical 

‘Survey record and listed aceording to date in Column (15). adt at 
—Stream flow, in Second- feet- "days, is con converted into depth of of ‘run-off, 
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in which, Q is the e average 24- hr ‘discharge and M, the area of the water- 
shed, in square miles. These values are listed in Column a6). 


6. —The tabulation ‘is ; divided into ‘storm or peak pe periods, the divisions 
easily identified in the column (Column (14)) of ‘effective 


-—Both. rainfall and run- are expressed in the same terms (that is, 
inches of depth). Within the storm 1 period. they bear a straight-line , relation- 


ship to each other, and the ‘coefficient is the ratio of their -storm- -period 


"averages. These : are to be found in Column an. 
— —The coefficients a are e applied to the effective rainfall ast I, com- 
puted values 0 of D being obtained and recorded i in Column (18). a 1). 


a .—The computed values of Da are converted ‘into stream . flow, in second- 


10- —A graphic comparison of daily rainfall, ‘effective rainfall « depth, the 
-_ observed hydrograph, and the computed hydrograph for the six water- sheds 4 
‘is finally plotted, as illustrated by Fig. 3 for the Licking en Water- Shed, 


F for the Tuscarawas River Water-Shed. ‘Shed. Tete - 
The graph is, in reality, a cosficient, fulfilling” 
that function in a manner much more in accord with the actual phenomenon 
than j is the application of a single coefficient to to the rainfall | depth on the day 
in which it falls. The . distribution coefficient breaks down rainfall depth — 
7 and re re-assembles it as it becomes, effective to the flow of the stream. In this 


there is a straight- line relationship between rainfall and run-off within 
the storm period, the slope of the curve | becoming a coefficient that might 


ae 


14 


_be termed the “retention coefficient,” because it is now called on to express 
v alue of the losses to run-off only. 
«Tt. willl be seen that the | retention coefficient marks the seasonal change in in 
wil absorption. In addition, it is influenced by the degree of saturation 
immediately preceding the storm period and by the intensity of the ‘stor 
Beginning with a high value, throughout the storage period, J anuar 


to March, it drops to a value of less than 0.10 through the growing season, 
to increasing into the fall and months and hing, 


over the entire region embraced the study. Tt ‘would seem a that the 


ter- shed to 

second-feet- days, is. applied to the depths, La 
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‘(e) Weighted Daily Rainfall 


d) Effective Rainfall Depths 
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maximum “pluviagraph”) res results (see Fig. 
3(a)). The -_pluviagraph values” for the Tuscarawas River appear in Col- 
of Table 3. . The pluviagraph, when affected by the retention 


coefficient, becomes the stream 
Cb 


Values in Thousands of Cubic Feet per Second 


— 


b) Computed 
Hydrograph 


4 


0 
q 2 10 
4 i 0.5 
di, 
Fic. A AND SPRING ‘TUSCARAWAS: River, NEWCOMERSTOWN, OHIO. 


therefore, it is not necessary to reduce stream flow to run-off ff depth as the $4 
ratio may be ‘stated as between | the pluviagraph and ‘the hydrograph values, 


both being expressed i in the same units—the s second-foot- days. 
= "The pluviagraph should be an important adjunct design 
because it becomes ° the means ¢ of expressing flood flow i in terms of frequency. 
‘The re retention ‘coefficient practically reaches _unity during the winter 
: and spring months of each y year, and north of the snow line it will exceed ; 
unity by what appears to be 10 to 20 per cent. If, therefore, the ‘unity, 
occurs with a a frequency of at least once each | year, and ‘if ‘the possibility of | z 
‘eeneurrence ¢ of a maximum storm intensity and the u unity, , is the 
e product of of their re respective frequencies, the pluviagraph of a storm mm of kne known 
_frequeney may be taken as | the hydrograph that will be reached or exceeded - 
that frequency. From the writer’s charts,’ the rainfall 
Til 


on for the Tusearawas River above Newcomerstown 


{ 


in which, i is the average rainfall intensity, in inches per hour; 7, the fre- 
- quency with which 7 will be reached or exceeded, in years; ¢, the duration of 


_- * Transactions, Am, Soc. C. E., Vol. 96 (1982), p, 618, Figs. 18, 19, and 20. mire S 
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n reduced by an area factor,’ j 0.015 An): Equation (3) becomes, 


pon 


_ Reducing the average intensities of known frequency 4 aily rainfall 


depth and applying the distribution graph o of the water- shed, | sults in the 
frequency- -pluviagraph group in _ These are on 


(b) EFFECT OF 


Sec 


per Second 


Thousands o 


in 


grap 


Fic. TUSCARAWAS RIVER, AT NEWCOMERSTOWN, 


- the assumption that the storm will parallel the rainfall intensity we miei 


; coming to a peak on the first day. That the storm curve may take any shape 


without materially affecting the -pluviagraph | is shown in Fig. 5(b), with 
‘Table 4, i in n which the peak i is shifted to various positions in the storm 


lower limit of ar area, is shown in Fig. 3, the rainfall 

of Licking River | at Toboso, Ohio. The relatively poor agreement of 

the computed and observed hydrographs and the erratic relationship | of the _ 


= coefficients, show that the 24-hr interval is too great to measure 


changes in stream discheage ‘end storm intensity. For the smaller 


_ || rainfall, exceeding 1 hr, in minutes; K, a coefficient depending for value on 4 |. 
"locality; and x and n are exponents depending for value on locality. 
Wie 
her 
|| £a 
| 
| 
— 
— 
— 
4 
While the theory of the unit and distribution graphs appears to be gener- 
d | ally applicable, the units used, and, therefore, the ‘Weather Bureau and oe a 
Geological Survey data, have their limits of application, 
— 
3) — 
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a ‘total flow) | Curvel Curve 2 | Curves 


ise 
particularly where the duee and slope of the water-shed are conducive to 


prompt of run- pad the hour should become the inter- 


This paper has served its its purpose if | f it has pointed to the possibility of 
stream-flow. ‘studies through the use of published Weather Bureau and 
logical ‘Survey data, regional coefficients may be developed 


ich "devel 


ak 
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og The fundamental | > the ‘method _ proposed might well be taken as 
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DISCHARGE FORMULA AND TABLES 


SHARP- CRESTED SUPPRESSED WEIRS 


The new discharge formula | presented in this paper applies to 0. sharp: crested 
_ weirs that occupy the full width of the ‘channel; that is, weirs s with the end 
contractions suppressed. ‘This formula is entirely ‘empirical arid’ was’ 
oped by a mathematical study of the results of a series of weir experiments? 

ai at Cornell University by E. Schoder, Am. Soe. ‘and the 


late Kenneth B. Turner, Assistant ‘Professor of Hydraulics. Tt differs 


those in use resent in that ay increasing with, the head, 
the customary fixed ‘exponent 5), thus making it. . to 


obtai n accurate discharges, even at low heads, by comparatively simple 


form ‘of cvefficient. for the velocity: of approach, 


Turner “experiments in comparison the new formula and with the 
three. formulas Francis, Bazin, and “Rehbock, Th These. three 


formulas differ from one another, but is: supported by the 


experimental data over certain ranges of head and height of weir; ; however, 


over: the entire r range re of head and height « of weir covered by the. experiments, — 


the new formula agrees with the data x more closely than any | of these standard | 

| fone, A set of ‘complete tables ‘for use in applying the new formula 
: has been placed on record in Engineering Societies Library, 29 > West 39th 


Street, New York, 
Norg.—Discussion on this paper will be closed in April, 1934, Proceedings, 
4 Senior Asst. Engr., Water Power and Hydrometric Bureau, Dept. of the 
ome 2“Precise Weir Measurements,” Transactions, Am. Soc. C. E., Vol. 93 (1929), p. ‘909. ee 
a3 (R eprints of this paper (No. 1711) are available.) 


| Thése tables may be ata of fifty cents per set the 
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crested weir use as a measuring device 
mane years, and a number of eminent hydraulic engineers have pro- 
posed formulas for computing its discharge. ~The paper by Professor Schoder 
the late Professor Turner previously referred to, and the discussions 
4 thereon, together constitute an ¢ excellent review of ‘the present § ‘status 0 of ‘this, 
subject; the limitations | of the va: various weir formulas in use are ‘pointed out, 
_ with the - result that the question of a standard weir formula is left still 
‘unsettled. ‘The weir experiments described in that paper comprise the 
comprehensive > set yet published, but the tentative formula proposed as an 
interpretation of these data does not seem convenient for practical use, since 
it requires such extensive measurements of the velocities in the approach 
‘_ as to constitute in themselves practically a measurement of the dis- 
charge. ‘The formula presented in the present paper, based on part of the 
same data, « can be used without ‘any 8 such auxiliary velocity ‘measurements, 
_ The paper by Professors Schoder and Turner contains a tabulation of the 


results of a large number of weir experiments. _ The set selected for this, 


present ar analysis consists of ‘Series D and O*, in all of which the crest was i 

a” in. brass plate. In making this selection, the intention was to have a a set 

i accurate measurements all made under the same conditions except for the 


changes in the two variables, head and height of weir. Accordingly, the 
runs were omitted in which the natural flow of the water ‘was disturbed by 


Ag special fences; it was found necessary, also, to omit all those in which the 
head was less than 0.04 ft. In cases where two or more runs were made at 
practically the same head, mean n values | of head and discharge were used. 
Particulars as to height of ° weir, range of head, number of measurements, ‘ 


ane TABLE 1— UMMARY OF Wer Experiments SELECTED» 


Height Original selected after 
eat Schoder and Turner series 


number of combining 


oo 


TOP 


all the weirs were 4.22 ft long, the full width of the Priadur yok no. 


F * Transactions, Am. Soc. C. B., ‘Vol. 93 (1929), Appendices A and B, ard 11, 12, 
31, 82, 87, 88, 44, 45, and 55. 
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‘ In the e metric formulas a and tables of this is paper, all lengths a are in meters, 


the discharges are in cubic meters per second. purposes of ‘con- 
version, note that 1 ft 0. m. "Unknown corrections (see Equation 


troduced for 


a formula ¢ constant (Equation gilt ta 


= a constant coefficient (Equation 


(see, also, hy = head mean velocity 


of approach for use Equation (2). 
isa substitution factor (Equation (18)). 


ke =a function of P= lga K (8)). 
a formula constant ‘(Equation (7)). 
a formula constant (Equation (16)). 
= variable exponent of H. 0 = 


= head on weir oH = dimensionless function, with single argu argu-— 
ment, H; H 1) dimensionless function with two 


“= 


arguments, and H (this constitutes the velocity of approach 


= a function of P= k — log a (Equation (14). 
“length of crest of weir. 


q arguments, P and H (this conatitutes the velocity of approach 


45 a symbol denoting function; oH = dimensionless function, with 
single ‘argument, Hs and H) = = dimensio: 
ith two | arguments, P and #H (this constitutes the velocity 
ty Gewerat Form or Equation ‘an 


With sufficient ‘accurate. experim mental data available, the main difficulty 


this is done, ‘it is comparatively. simple, although ‘sometimes 
‘somewhat laborious, to compute the best numerical values of the — 


— 
ate 
a 
‘ 
— 
— 
— 
— 
| 
— 
4 
| 
— 
i. 
12, 
te 
iim 


— 3 


total of weir ; L = length of crest ; = head 


+ 
o 


in the treatment of the term, 9, and in the ‘ ‘velocity of siicindh? ” correction. 


For purposes of co ee throughout this paper, three standard equations 


(63) bay 


m4 


ag 


a 2 0 

0.605 + 0.08 = 29 
: ae in which, Ty i is the head corresponding t to the mean velocity of ‘approach. ie 
the experiments summarized i in Table changes i in the 
are due either to changes in the head, H, or to changes in the height, P, of F 
a the weir crest above the bottom of the approach channel, All other conditions he 
remain un unchanged. In Series E and M, P = 0. and 7.5 ft, respectively. ‘Simul- EA 
taneous values of log — and log H for these two series are shown graphically 
ra in Fig. 1. . The points for each series fall on a separate curve, ahi 1 is prac- | Xi 
tically a straight line for small values of H, but which shows definite curva- § va 


— 


oy ture for large values. - Series E, with the smaller value of P, has the greater 7 
: a discharge, the | difference | increasing as the head increases, so that its graph j 


‘a A consideration of these ‘a graphs, and of the principles of dimensional 


analysis, led to the conclusion that for the experiments summarized i in Table 
é “ 1, 6 may be written as the product of two dimensionless functions, as follows: 


a: a a in which, $H is ‘0 dimensionless function, with a single variable argument, 
and $(P a dimensionless function, with two variable arguments, 
‘and’P. Using this expression for 6, ‘Equation (1) may be written in the form: 


II 


it is known from form: 

sharp-crested, supp er foot of cre 

~ _ For a sharp for the discharge 1) 0 

that the equati 

— 

The Francis Formula: — 
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= 5 ‘ie the ordinary terminology of hydraulics, ¢H is the discharge coefficient, _ 
“an nd d H) is the of approach” correction, expressed asa separate 


_ 


«SS 


“18 


Fre. 1.—PLorrine OF LOGARITHMIC VaL me SCHODER AND ToRNER 


va- values of H, and the velocity of approach correction is applied by an indirect 
ater involving series of In the Bazin formula, ¢H 


( os + ana $(P m={1 1 + 0.55 (a) the 


able || Rehbock formula, x H) = = ( 0.605 + +008 ). 

Evidently, the Bazin formula is the side one that is of the same form as 


7, The a algebraic forms p proposed i in this paper x for $H and o(P H) are differ- 


‘ent from those used in the Bazin formula. They are entirely empirical, 


having been derived mainly by studying the results of the 
. (6) Turner experiments, and without much purely theoretical 


_ 

an 
a 

= 
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If a set of experiments were available with an infinite height of weir, P, 
eh _ 80 that the velocity of approach could be neglected (p(P H) = 1), the > only 
a. : unknown in Equation (6) would be the coefficient, oH, and for each observed 
value of H the corresponding value of ¢H could be computed. It should 
then be possible to determine an algebraic form ‘with suitable numerical | 
constants, ‘such that the values of given by this formula would agree with» 
those given by the experiments, within the limits of the experimental | errors, 
te Similarly, by combining the resv results of such a set. of experiments with 
: os _ others i in which the value of P was not infinite, it , would be possible to com- 
- $ pute values of o(P H ) for various valu values es of P ¢ and H; and thus determine — 
modification of this “general method can be applied to the experiments 
of Table using a process of approximations that leads finally to reason-— 
ably accurate results. First, let it be assumed that part of the curvature of 
graph of Series M i in Fig. 1 is caused by oH x Hi, The algebraic 
4 selected for oH X Hi must then be such that log oH will g give a curve when. 
plotted against log” If oH > x Hi i is to be of the form, c then, in 


order ‘to produce the et curvature, either ¢ or x must change when H jo vondh 


As a first approximation, to be modified later if necessary, assume c constant 


all values of H and write e the exponent, i in the form n 4 d) so 
it will as H changes. . Then, oH Hi will be expressed 


t 
‘ 
t 


Similarly, one set of approximate values of ¢(P H H) can be found by 


tracting log ~ for Series M from log ~ for Series E. 7 This can be eas 


a ei since there are a number of experiments orn the value of H- 
approximately the same in both When these values of log 


orl igin. ‘Evidently, og o(P H) ca can be written in the form: 


* 
in which, is a constant when P is constant. slope of the line gives an 
value of k for ‘Series E; and approximate values of 


other series can be found ina similar manner. 


The logarithmic equivalent of Equation. (6) “may now be written in the 
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log C= 29 and log C, n, b, and k are unknown constante, 
x ; _k having a different value for each different value of P. By adopting Equa- 


tion (9) ¢ asa general equation for all the experiments listed in Table 1, and 
the method of least ‘squares to the entire list, it was possible to 


= | 


‘ba In each solution method of least squares, the sa same “general pro- 
was followed. logarithmic form of equation w was used so that 


secure ure additional information, ‘as follows: (1) To. determine more precise 
Pa values of & for each value of P covered by the experiments, so that the rela- 
I ; tion b between k and P may be expressed algebraically ; (2) to determine more 
as "precise values of log C, n, and b for use in a second solution; and (3) to 
that this form of equation is adequate to the data of Table 1, 
ms, 

“of 
he 


al 

= tions of the original logarithmic formula), which showed the ‘proportionate 
change in log in the logarithmic residuals), that would result from 

1S. > mall changes i in each of the constants. The residuals were found by substi-_ 

nt § tuting in the original logarithmic equation, assumed “approximate values « of 

a the unknown constants. experiment in Table 1 furnished one residual, 


and each residual an observation equation, so that there were 335 observation 
equations: in all. ‘From these, ‘the normal equations were formed and ae’, 
and the most anil set of corrections was found. The application of these 
corrections to the approximate values assumed. for the constants in the begin- 
ning, furnished the most probable values of the constants, ‘Int the final solu- 
, tion, the probable error of each constant in the formula w was computed ; the 
_ probable error of a single observation was also ‘computed, or, more correctly, 


~ probable ‘difference between an observed and a computed discharge. As a 


ell 


) 


g- 


logarithmic equations w were used, some ™ ‘the probable errors are expressed 
The practical application of this process involved considerable work, 
- especially i in computing the residuals and in forming and solving the normal ; 
The computations were arranged in tabular form and numerical 
checks were carried alon along with them. Adding and calculating machines, and 
tables of products, were used whenever possible. 
‘This general: method of utilizing the data of the exp experiments involves the 
| assumption that all observations: of head are exactly | correct, and that any 
disc crepancies that occur are due to errors in the discharge. This assumption, 
of course, is not strictly co: correct. ‘solution based on the ‘assumption that 
rrors of head and errors of discharge. are equally probable, might be expected — 
: to give slightly different values for the constants, but it is doubtful whether 
such. a refinement i is warranted i in this. 
a In the first solution, the ‘differential observation equation derived from 


(log C) + H™ log dn +2 3026 Ny (log db+ Hdk=n. 
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(8) 
a? 
(9) 


in which, d Co a 0), db, and dk are the unknown corrections which, when 
= | applied to the approximate values used in Equation (11), will give the most 
probable values of the unknown constants. Common are 


in in Equation (10), as in all other formulas ite this: paper. . The residuals, Tay 
are found from the uation: Rat 
= — (1 H™ Jo 
: in which, lo g—, and H are given 1 by the experiment ¢ and log Cy nay (B1)y and 7 
are the assumed approximate values of the unknown constants. th 
‘first solution, ny = 1.5, (b1) = 0.008, and the values used for k were those > . 
found by the graphical method described in the preceding section. ai The cor- 
rs rected values obtained for log C, n, and b were used in computing residuals 


eet the second solution, the small size of these residuals showing the suit- 
2 i% ability. of the algebraic form used. The corrected values of k, for the various 4 


Height of weir, P| Value of k Series Height of weir, P Value of k 


0337. +| OD, L,andM.. 00108 
“values of P, are listed i in Table 2, from which ‘it may be noted that there is 


a definite relation between. k and P, although | a curve plotted from these data 


In to complete the formula, it is to alge- 


ae there i is little change in k for ‘relatively large changes i in ‘P. Farther- > 
more, when ‘the corresponding values of log k and P are plotted, the 


sulting graph is not straight, but curved. these considerations, and 


the. Process of approximations by substituting trial values for 
certain of the constants: and ‘solving fo for the others, the following algebraic 


ey By choosing suitable “numerical values for the constants, Equation (12) 


Be; can be made to agree well, although not perfectly, with the values of k in’ , 


Table 2. ‘That i is the only reason for selecting this particular algebraic form, 
it is quite possible that some other form pegs! that would be 
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g Being a a constant, log a a is independent of P and, therefore, belongs in ¢H 


Equations and (8)) a are as sfollows: 
) = 10", or 
= KH, in 


absolute that they make an exactly | division between 


A final adjustment of the entire equation was made by a second oa 
squares solution. For this, Equation (9) was re-written in the form: 


come C +n? log H + Hloga + ( 


4 


D+ log H dn + 2. 208 (log db - +Ha (log 
— (log Cs + log H + H log 


= 


= 


- together with their probable errors, are given in Table 3. 


TABLE 3.—Nowertoan Constants Wem Formura 


(0.5154 


The formula, with the ‘numerical values of the constants, may 
now be written in the logarithmic and numerical forms, as follows: na aa 


> 
— 
| 
in 
: 
a. 
a 
— 
— 
in — 
and. 
y 
a 
ai d by the trial method pree 
16 sgWM 
— 
ic symbol Probable 
io V29.| 3.2765 0.0081 | 0.00015 
2) 2.0195 0.08% || u....| 0.2713 0.00014 3 
“3 
2) — 
= «ag 


danien 


in which, to 1. and, 


x 8.276 x (1.0195) x HY en 


9 _ Table 4 has been prepared to show, for various ¥: values of ti the argument, H, 
the corresponding numerical values of the variable exponent, f = 1.5064 H?™, 


TABLE “NUMERICAL ‘VALUES oF VARIABLE EXPONENT AND iD COEFFICIENTS 


(19) | Equations (21) and (6) € 


a "Exponent, 1.50642 3.276 (1. 0195) "Coefficient, 29 29 ¢H 


is 


3 
549 


x oud the cutee. coefficient, 3. 276 (1. 0195)¥, i in ‘Equation (19). This table 
—_ also gives the coefficient A/ 29 ¢H from Equation (21), for use with the fixed 
7 : exponent, 1.5, in Equation (6). The value of the variable exponent (Table : 4) 
is 15 at 06 ft, 0. 022 less than 1.5 at 0.1. ft, and 0.020 greater than’ 1. 5 at 
4 3.0 ft; so that the greatest differences from 1.5 are less than +1.5 ‘per cent. 
However, this | comparatively small change i in the exponent makes a ‘consider- 


4 able difference i in the coefficient, as can be seen by 


is a somewhat complicated curve, intersecting straight line ‘the te 


- points, H= = 1.0 ft and H = 0.6 ft, practically a straight line pee ss = 
nyt A ft, but with rapidly i increasing curvature below H = 0.4 ft 
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1 _ This peculiarity of the coefficient for 1 use with the fixed exponent, 1.5, is 
of the most serious difficulties in an accurate weir formula. It 
7 
is neglected entirely in the Francis formula, probably because Francis did 
| Cals a make any experiments with heads less than 0.6 ft; but it is reproduced 
more or less accurately i in the ‘Bazin and Rehbock formulas by the introduc- 


q of a term containing H in the denominator. 


| The ‘coefficient, 8.276 (1. 0195)”, varies as straight line, When expanded by 
becomes 3.276 qa + 0.0195H) which is the equation of a straight line. ‘The 

value of the neglected third term is only 0. 1% for t-H= = 8 ft, and | lese for 
‘smaller values of H; so ‘that for all practical purposes the two expressions P 
are equal and may be used interchangeably i in Equation (19). _ However, the : 


form is more convenient for use with logarithms. (as 


‘the binomial theorem, neglecting the third term and all subsequent terms -— 


 Acouracy or New Formuta 


The probable “@ifference between an observed and a computed weir dis- 
charge, as given by the final least squares solution, is +0.65 per cent. ‘If the 


weir experiments could be regarded a as exact, this would be ‘the probable 
error of a single value of discharge computed by the formula, and its small- 


ness shows that t Equation (19) agrees very closely with the measurements. If 


‘the formula. is regarded as exact, 0. 65% is t ‘the probable error of a single 


weir experiment, which is an of a high order of consistency in 


The agreement of the formula | (Equation (19)), with the weir r experi- 
is shown. graphically i in Fig. 2, for three values of P. Similar agree- 


ment was found intermediate values. In order to condense the ‘figures: 


as much as discharge per foot of crest, has been divided by 


Hi, and the quotient for each experiment, plotted against the ha meeed 


value of H, is shown by the circles. | 


a, ‘The full line curves in Fig 2 represent the corresponding values dee E 


by Equation 2 (19). All these individeel curves have been assembled in 
Fig. 3. ‘They constitute a “family” of curves that change shape and inclina- -_ 


tion to the H-axis when the value of P is changed. Each individual curve, = 
in addition to fitting it its own points s as closely as possible, must also n main-— a 
tain. a ‘symmetrical position in Fig. _ 8. There are certain minor inconsis- oe 


tencies among the experiments that it impossible for any 


‘such symmetrical family of curves to fit all the points perfectly; this may 


be due partly to certain features of the weir equipment, which are ‘discussed 


in another section 0: of this ‘paper. On that / account, although the present set 


| of curves differs from the experiments by more than 1% in some cases, it 
is felt that the search for an accurate weir formula has been carried das -—- 


particular type of formula ‘proposed and “made 
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only by some change i in the algebraic form of ‘Equation (19). 


experiments will be required to show whether this is and. 
The broken lines in Fig. 2 show the values of as given by the three 
g. 


standard, weir formulas, Equations ©. The differences in 


— 


[ae Varro: VALUES: oF P, ‘FROM Kx 


of H and P and to for other ues. 


and P covered by the | Schoder and Toner of these 
formulas agrees es with the experiments as well as the new formula: (Equation 


-(19)) proposed in this paper. However, for values of H not greater than 2 


ft and values of P not greater than + ft, the Rehbock formula does agree wich 


; the experiments fully as well as the new formula. of 


101 


wees Heap ano ron 
q 
Titer has prepared a discharge 
boratory use, the writer has p 
| 


: oe — range of heads covered by the experiments, except that, for the higher 


2.7 ft. Column (11), Table: ‘45, shows the discharge computed for a weir of 
height; that is, with no velocity of approach. 


TABLE 5.—DiscHarce FOR Sore PRESSED ‘tel SEconp 
PER Foor OF ‘Crest I ENGTH ANION 

2.0 (7.0 | 8.0 | Infinity 

0.040 0.040 | 0.040 | 0.040 


— 


094 | 0. 0.094 | 0.094 | 0.094 

0. 0. 0.109 | 0.109 | 0.109 

0. 0. 0.125 | 0.125 | . 0.125 

0.142 | 0.142 | 0.142 

0. 0.160 | 0.160 | 0.160 

0.179 | 0.179 0.179 | 0.178 | 0.178 
0.197 | 0.197 0.197 | 0.197 | 0.197 
“aa 0.301 | 0. 0.301 | 0.300 0.300 0.300 
0.549 | 0. 0.548 0.548 | 0.548 | 0.547 
0.843 | 0.842 | 0.841 | 0.841 | 0.841 | 0.839 
2179) 1-177 | 1.175 | 1.175 | | 1.171 
(1.55 | 1.55 | 1.54 | 1.54 | 1.54 
| 1.95 | 1.95 1.95 | 1.95 | 1.95 
2.40 | 2.40 | 2.39 2.38 

| 2.87 | | 2.85 

3.38 | 3.37 | 3.36 | 3.36 | 3.35 | 3.34 

3.92 | 3.90 | 3.89 | 3.86 

4.48 | 4.46 | 4.45 | 4.45 | 4.44 | 4.42 _ 

07 | 5.05 | 5.04 | 5.03 | 5.02 | 4.99 

5.67 | 5.65 | 5.64 | 5.63 | 5.60 
‘| 6.31 | 6.29 | 6.28 | 6.27 | 6.22 — 

6.98 | 6.95 | 6.94 | 6.93 | 6.88 

7. 7.65 | 7.63 | 7.61 | 7.56 

8. | 8.34 | 

9. 9.10 | 9.08 | 9.06 | 9.98 

9.91 | 9.87 | 9.84 | 9.82 | 9.73 

10. 10.62 | 10.60 | 10.50 

. 11.44 | 11.41 | 11.30 

12.27 12.24 | 12.12 


15.79 | 15.60 
16.78 | 16.74 | 16.53 
17.75 | 17.70 | 17.48 
18.74 |i 18.68 | 18.44 


Table Cis of K- computed. by Equation (20), for 
values of P from 0.5 to 8.0 ft. A complete table, | for intervals of P = 0.1 ft, 
i necessary, but for purposes of demonstration. ‘the trends indicated by 
_ Table 6 must suffice. _ Tables such as Table 4 (Column (4)) and Table 6, 
may be used for computing discharges: independently of Table 5 5 by means of 


This method is is useful the discharge for low weirs with 


weirs, it was extended to an even 8 ft, although the « experiments go only to | 


= ff 


( 


‘a 
a 
— 

— 

— y | 0.002 | U. .065 | 0.065 | O. 
4 - 0.066 | 0.065 |fy | 0.065 9.005 0.08% 0-085 0.079 |_0.079 |_0.079 

: 
1 
: a 8 

io 
‘a. 3 | 14.06 | 14.00 | 13.97 | ro 
ie 15.04 | 14.48 | 14.25 | 14.13 14:96 | 14.90 | 14.87 | 14.70 _ 
| .. | 15.44 | 15.18 | 15.04 

— 

‘ 
the 
— 
— 
— 

the columns will not give the c 
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high heads. Tables i in metric units similar to Table 4 (Column (4)) and 


TABLE 6. or K BY Equation (20), IN — su Unirs, FOR 


aa 
0.0855 | 0.8 | 0.0502] 1.2 0.0299 | 1.8 | 0.0171 | 3.0 | 0.0082 | 6.0| 0.0030 
0.0434 | 1.4 | 0.0243 | 2:0] 0.0148] 4.0| 0.0054 | 7.0 | 0.0024 
1.6 2. 5.0 | 0.00 


...| 0.0703 | 0.9 
| |. 0.0380 0.0202 | 5 | 0.0107 | 39 | 8.0] 0.0019 


‘Strictly speaking, the discharge tables offered for discussion in this paper 
- should be used only with v weirs constructed and arranged similarly to that 
pete which the experiments: were performed, a detailed description of which is 

given in the paper by Professors Schoder and Turner, The weir ‘plate was 
of rolled brass, 12 in. wide, with the top edge machine- beveled and with the — 
-stream face ‘smooth. The head was measured, at a section 11.74 ft up 
stream from. the crest, by direct ‘measurement i in the channel, with a “steel tape : 

_ and also by a gauge in a -stilling- well. _ This distance of (11.74 ft is greater 

nae the 6 ft used by Francis and less than the 16.4 ft used by Bazin. ay 


 Back- must be avoided, of the must fully aerated, 


ie oe In the Schoder and Turner experiments, the water was supplied by a 30-in. 

- pipe which emptied into the weir structure about 25 ft from the crest and 

ale f 5 ft below it. It is not the intention in this paper to suggest the dupli- “ 

of ‘this | supply : “arrangement, which presumably w: was necessitated by 

local conditions, but rather to draw ‘attention to the suggestions® of Professor 

Ay’ * Rehbock that: : (a) The ‘approach channel should be of sufficient length 

and of the same width throughout ; (b) the water should enter the approach © , 

"channel a axially ; and (c) its free approach to the weir ‘should not be disturbed 

by built-i -in ‘This provides a natural arrangement that can be 


os The Schoder and Turner experiments, in which the approach conditions — 


fences were used, were ‘specifically from consideration i in this: paper, 
but apparently some of the experiments that were used have been affected 
somewhat by other features of the special approach arrangements. Bose 
with high heads and eonsequent high velocities of approach would be i 
‘more than those with low heads and low velocities. If the 
— for high heads were omitted , the curves could be made to fit the remaining — 
better (see Fig. 2) . Professor Rehbock’s « contention n that ‘position 
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of the supply pipe must have interfered \ with the free flow of water for oa 
5.5 and 7.5 ft high, may - account for the fact that, for certain heads, ‘the dis- 


charge is greater for the 7.5-ft weir than for the 4-ft weir. add wil 


However, these inconsistencies are really of small magnitude (possibly of 
‘the: order of + +1%), 
from the merit of ¢ of the experiments; nor x should they cbecure the fact that the 
new formula agrees swith the set of with a pro robable error of 


Re 
| standard set of discharge tables for suppressed weirs would be of great 
practical value. Having s such tables, the practical man need not ‘eoncern 
himself with the value of the discharge coefficient, the method of applying 
- the velocity of approach correction, nor indeed with any particulars of the 
formula. The only question ‘he need ask is whether the discharges given 
by the tables are accurate ; the remainder be can leave to the computer who 
ire: discharge | table, of which Table 5 is a sample, i is submitted as a 
tentative discharge table for standard weirs with the approach conditions 
by Professor Rehbock : as ‘stated previously, even if it is based 
: ~& the Schoder and Turner experiments, which were made with somewhat differ 
= ent approach. arrangements. It is ‘probable that the table is not seriously in 
error from this cause, - it would ‘be | an advantage to have it — ‘to 
include higher heads; 


more precise the formula. Accordingly, a program is sug- 


- gested by means of which this tentative t table might be extended and if 
s d, as follows: 2 dy ‘Adopt a standard design of suppressed 
eels 083 using weirs of this ‘standard design, make a set ‘of precise weir 
experiments, similar to ‘those ‘made by ‘Professors Schoder and Turner ; 
an algebraic form of equation that will be sufficiently flexible to agree 


with the ‘results: of the experiments over the entire range of all the variables 


or: 
(5): use the formula to ‘compute ‘a set of discharge tables | covering the eittive 


arse waa in metric units may be found from Table 5 by converting the 


meters per second, or liters per “second. “However, it would be more 
near meeey to use a discharge table in metric units, and such a table can be 
computed by ‘solving Equation (23), or its logarithmic equivalent, together 


o. with the values of 2g 9 oH and of K, which have been computed for the 

“metric system! and are on ‘record in Engineering Societies Library ¢ as stated 
discharge formula a and the auxiliary terms, with the nt numerical values” 
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general type of discharge proposed in ‘this sharp 


crested | suppressed weirs (see Equation is as follows : 


in which (see Equation = 
and (see ‘Equation (a4), K= = 


Whenee, 


Inserting ‘the numerical values of the for t ‘the two. systems 

_ units, ‘Equation (25) becomes in English units (feet and cubic feet per 


and (see Bauations (18) nd (19)), “Vee | 


26) 


= 0.5154 + 0.0084 H + 1.5064 H™™ lgH+KH...... lee 


in which, = and f= 1.5064 0st, Furthermore 
1 + 6.1452 Pi’ 


Tn units, Equation (25) Decomes, 


(see 


A834 + 0.0275 H +1. 5210 0081 H 0 5100) 


andi = 1. 
x (83 2808 


foot ‘of crest, in terms two both in 
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The complete discharge table at intervals of H = | 
condensed form (Table 5) being considered adequate for purposes 0 iscus- 
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H, the head on the weir; and F, the height of the weir above the bottom of oe 
the channel of ‘approach. table ‘compiled for intervals of = 0.01 ft 

probably sufficiently | accurate for most practical purposes, | but it has been 
shown how the results of future experiments may “pe used to make small — 


curreptions in the table, if necessary, , and to extend it for higher ‘heads. 
Tabular values of 29 oH and of K, ai are contained in ‘Tables 4 and 6. 
. fi ‘Tables such as these, compiled for intervals of H= = 0.01 ft and P = 0. 1 ft, 
respectively, may be used in Equation (23) for ‘computing: ‘discharges 
be 


pendently of the discharge | table, or to supplement that table iw” 


The adoption of a design for sharp-crested suppressed weirs 


be 
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OF MITER-GA re BEARINGS. 


j 
and methods of and moving ty 


_Teaves of the Panama Canal, at Miraflores, are deseribed i in pom paper. 


= 


siderable wear: on the vertical bearing surfaces mate replacement 
The quoin- -bearings could be made accessible only by raising the leaves clear 

of the Pintles and “moving them from the wall. 1 The largest leaves. are 82 ft 

“high and I have an gross weight of 790 bass 


Comparisons made between ‘the experimental equipment and the 


_ methods used at Pedro Miguel, in 1929, and the 1 present ; system. Tmprove- 7 


ments in 1 technique, suggested by experience gained in raising -two 
leaves ‘during three over- -haul periods, are emphasized. 


The Panama Canal was s opened to commercial traffic « on n Angost 15, 1914. 


Three lifts are required to reach the summit level, which is normally 85 ft 


above sea level. Twin chambers, each 110 ft wide, with a usable length of | 
1001 000 ft, permit . simultaneous northbound and southbound lockages, A dia- 


gram of the ‘Miraflores Locks. is shown Fig. 1. At the. time | of their 
construction the ock- -gates were by far ar the largest andl heaviest that, had ever 


been built. ‘They contained a number of new features that have been incor- 


; porated in later designs. An unusual device was the use of removable nickel- oie 


Steel plates for the and quoin- bearings shown i in Fig. 2. Ly 
‘The leaves pivot on hemi-spherical nickel-steel pintles, 16 in. in diameter 


on n the lower guard- “gates at Gatun, the pintle bushings—twelve in all— 


are of carbon steel; the others are of manganese bronze. Each leaf is held a 
Nore. —Discussion on this paper will be closed in Agee, 1934, 
Jun. Engr., ‘The Panama Canal, Balboa Heights, Canal Zone. 
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at the by a pin connection, to! a shaped,  vanadium-steel yoke 
in is keyed to o anchorages: deeply embedded in the concrete walls." 


in Fig. ‘Their gross weight i is 426 ‘to 790 tons each. The design ‘dna erec-_ 

tion of these | gates have been. -described* concisely 

> M. Am. Soe. C. E., who was in direet charge | of the ‘ger ele th on ter 
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ae. Carbon Steel Foundation Castings 


Fig. 8.—PINTLE anpD QUOIN- BEARINGS. 


repainting ame gates and replacing | the wooden sills damaged by the teredo. 


Bottom of Gate Before and 


Bottom of Gi Gate. > 
(b) )PLAN 


_ “Measurement of Wear“ age intnositod Tu olT 


rising stem and the cylindrical’ valves." Ce elie b 


‘Canal, Transactions, International nage Vol. II, pp. 87-129, 
Lock Valves,” Mantials of Eng. 
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nt poliey ‘requires that each lock be given a general overhauling 


the dry season, once every two years. 


on The wear on the bearing- plates was first atta during the over- Saul 


| Gatun in 1924. original sill clearance was in. at the miter end, 
Sid tapering to zero at the quoin. Inspection showed that the gates rested ce | 
the fixed sills and did not meet at the miter point. . The measurements were — 2 
‘made in an effort to discover the cause of this condition. The total wear 
on the six bearing surfaces of a pair of leaves “was taken to be the space the 
Teaves | apart at the bottom. of the ‘miter when the top plates were | in 
eontact. In Fig. 4(a) the full lines ‘show the original position of the gate 


and the dotted lines the position after the bearings h had become worn, | 


oe Measurements made again in 1927 showed the the rate of wear was 1s about shin, 


ae: per, yr, | but that it varied, depending on the severity y of a}. fat: 


Wear, the Sills 

at Quoin to Ye"at Miter be 

Wood Clapping sill 


‘27777 


o 

4 

Rubber Sealing Strip 5 


4 
against a head of water. 

shortening and a stream movement of the miter point. The “if 
movement down stream is 1. 10 in. per in. of wear. | Iti is necessary to trim 
sills periodically, (Fig. 5) in order to restore the original clearance. 
‘The result of tl ves 
to warp ‘when in operation, 


| 
4 
— 
— 

— 

= 
—— 


= ‘until the bearing- plates made contact; this ; caused the leaves ‘to bend : along 
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remained i in its original Position, whereas the bottom was forced down stream — 


| diagonal line extending from the top of the ‘miter to the 
is tortion of the gates is indicated i in Fig. 4 (0). a 


om 
objectionable results of the wear on the bearing su rfaces made it 


obvious that they should be renewed, beginning with the main operating 

- gates and those showing the greatest wean; i¢ While the nominal life o f the 

 bearing- plates is twenty years, increasing traffic would shorten their life. 

“Twenty- two. years would be required to renew all the bearing surfaces if eight 2 
leaves were ‘repaired every” two | years. Even this 


twelve leaves be repaired during one over- -haul. 


ed during ote 

The only, way in which the quoin- -bearing be made was to 
r 


aise the leaf from the pintle and then move it from the wall. - Since no 
attempt: had ever been made to raise and move leaves of this size before, the y 
i first attempt was largely an experiment to to determine the proper pan snenia and 
methods to be for renewing all the bearings. Economy demanded, 


40 


o- and the short dry season made imperative, the design of standard equipment and 


methods. which» function with  production- efficiency. proposal ‘to. 
:2 — float the gates out of the chamber and to repair them in ary | dock was aban- 
eal and E. S. Randolph, M. Am. Soe. C. E. , developed a method of raising 


the leaves within the chamber by hydraulic jacks connected to needle-beams 


_ under the leaf, in such a way that the leaves are raised only enough to clear : 
the pintle and then are rolled from the wall. 


Te ~The 1 first test of this equipment was made in 1929 at Pedro Miguel, when 7 
two leaves raised and replaced “successfully. ‘Desirable minor changes a 


in the equipment and mode of procedure were obvious at once. Two years” 


= later, eight leaves were ‘raised at Gatun. The speed and efficiency with which — 
the equipment, functioned this over- haul removed all doubts as to the 


3 and April 15, 1933. 3. 
GENERAL DEscRIPTION OF THE Raising _EquipMent Rr 


The | small the leaf “(see Fig. 5) m ade it necessary to place 
twelve ‘jacks (grouped in four “sets of three jacks | each) on the 
Each set is equi- -distant from the transverse center line of the leaf, and the, 


the slotted ends of link bars on pan side of ‘os jack; ‘the lower 
_ of each link bar fits between the forked end of a a -needle-beam; a pin through — 
the fork. and link bar completes the connection ; and the weight of the leaf 


is carried on its flange- -like bottom 1 edge. Details of the jack- and-needle-beam 
assembly | are shown in Fig. 6, and a typical set. of jacks i shownin 
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_ A mixture of switch oil and transformer oil is the hydraulic medium used Ce 
to operate the jacks, and pressure is supplied by an electrically driven pump 


mounted on a detachable platform on the down-stream side of the 7 aaa 
twelve are to this pumping unit. alduy 


A set of upper and lower roller tracks and a a train, of rollers i is provide 
-}t each group of jacks. The needle-beams bear across the top of the 1 upper > 
racks, with the lower tracks resting on the bearing slabs and separated from. = 


5 ew upper tracks by the r roller train. The track and roller assembly is designed a. = 
a 4 permit 4 ft of travel. Fig. 6(c) and Fig. 6 (9) show the leaf raised ‘ond 


he tracks and rollers in | place. Overturning is prevented by a structural steel 

ide-frame and four steel cables anchored in the lock-walls, 


Some of the principal unit (in, per square inch) applying 


this problem are, as follows: thy 


nd ‘Bearing between. bottom o of ond! needle-beam 050 10 B75) 


4 


Extreme Fibe Fiber in Needle-Beam When: 


“Resting on ASST th 26000 40 
stress in pins . fas 8 300 12 450 


ome 


aabnites SAT’ toh 30 000 45 fy 


x 


43 
a. 
~ 4 
— 
4 
— 
j 
| Bending in ‘ping 


= 


od Bearing ¢ at top of slot ... 


18850 28 2175 


. . eee 


Toad is carried on follow-up ‘Mocking. 600 


Mex stress in rams due. to 


ioning perfectly with an even ‘distribution of the load; maximum 8 stresses ai 
those derived by the conditions of design. Due to the high unit stresses” 
and the lack of clearance for enlarging th h ections, the yokes, 


inks, link-r 


pins, needle- beams v were made. of forged 1 


_eylinders are medium grade steel castings, 


according ‘Federal No. 170, with the dimensions 


= 


rilled a and tapped for or a f-in. needle- packing n nut. 

An oil column made up up of a glass tube and j-in. brass pipe fittings is screwed 
ee into the side of the plug. . The n needle- -point controls t the outlet and allows 

et the mixture of oil and air to pass up through the vertical glass. tube and 

: thence through a downward curving spout. A bucket is held under the spout 

a to catch the oil expelled with the air. The absence ¢ of air bubbles passing | 
A through the glass” tube gives , an accurate indication a as to. when all the air 
ley gag s screw, placed ‘near the open end of the cylinder, can be Bua 
against a Tobin bronze gag plug to prevent the ram from falling out during 
handling. A felt wiping ring is fastened around the open end of the cylinder 
to prevent ‘small particles of grit from working up up between the cylinder and 


ha stock (Society of Automotive Engineers Standard No. . 2315) ground to a 
Pe ameter 0.008 in. less than the bore of the cylinder, and case- hardened 


‘No attempt was s made to hold. the diameters, of the rams and cylinders to an 


3 


and were not case- -hardened. The cylinder did not the felt w wiping ring and, 


— 
— 
— 
W 
— m 
— ro 
— M 
— 
Dearing on rollers, 1 po 8 per 
les 
— 
— 
— are 
: ac 
J 
‘Steel. lin 
jac 
the 
— 
wit 
cut 
The 
wit 
Bin 
> 
— leaf 
bed 
— BS 
— heat 
— eat 
te 
the 
inte 
pres 


OF MITER- GATE BEARINGS 

particles of grit entered when the jacks were lowered. 

i When one of these small particles was caught, it would raise a small sliver of fe 

metal on the ram. As the ram was pushed out, this sliver would gradually 


roll’ into a ball and “freeze’ the jack. The jacks functioned perfectly 
i ‘Miraflores and not a a single case of scored rams or - cylinders was evident. Sane ee & 


Pumping System.— —Pressure is _ supplied by a vertical triplex pump having ne, 


| a fin, bore and a in. stroke. The force is ab “hp motor acting 


lead through calibrated gauges and flexible pose 
to the. leaf and leading to each end; thence they ead through the leaf to : 
the v up-stream side. Tee connections and short lengths of pipe lead from the = 
main ‘pressure the leaf to stop- -valves, and thence through flexible 
couplings to the. individual jacks. The stop- -valves at the jacks (see Fig. 7) 
are normally open and are used only in testing or for -eutting individual 


es, The pipes or on the: platform a1 are arranged so ‘thet, 
ese teach of one man. The miter end, which is the lighter, tends to raise f: ‘tee 
sae than the quoin 80 that it is necessary to throttle, slightly, the valves control- : 
“7 | ling the miter end. A spirit-level fastened to the gate enables the operator 
to raise both ends at the same rate, approximately in. per min. The 
jacks a are so no jack can than one- -twelfth of 
lug | | The high-pressure line is an extra heavy-steel pipe, } in. in insid 
with forged ‘fittings and especially built valves, ‘of which were e subjected 
|to a pressure inspection test before acceptance, The threads were” 
ows | cut on the job, in order. to insure a a perfect fit and a thick solution of shellac or 
and found to be the most: satisfactory medium for sealing the threaded join 
out The flexible couplings are of annealed copper tubing, } in. ‘in inside diameter, 
ing with brass nipples soldered to the ends. Annealed copper washers were 
air | 2 all couplings: and unions because they had ‘proved more ‘satisfactory than 

either leather or ‘tin, and Tittle trouble ‘experienced with leaking 
One pump platform one set of jacks serves two Teaves. The jacks: 
ander are uncoupled and assembled on the « other leaf of the pair as soon as one 
‘and leaf has been raised, but the pump platform is left i in place until the ae 
has been pushed. from the wall, In transferring the platform to the other 
“bar leaf, it is necessary to uncouple | only the flexible joint at the edge and thus — 
to a leave the fixed piping in place, | The original pumping | unit was: placed on 
—_" | the floor of the s sump on the up-stream side of the gates. _ The maze of pipes Ae 
interfered considerably with the assembly of the ‘rolling equipment, The 


resent w unit is compact, out of the 1 way, and functions s perfectly. Rens 
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_ | mounted on a roofed platform which is hooked to the down-stream side of the et xe 
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borg LO overcome any uneven bearing an to insure an even istribution 

and ad by crushing. They were placed between the jacks and the yokes, = ‘eg 
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between the y the tink ‘bas bars, ‘and between the: needle-beams and the 
gate. Their effectiveness was thoroughly demonstrated, some being crushed 


—_ to one-half their original thickness, while others were only ‘slightly: dented. — 
+ * Banca tin was selected after a number of. compression tests had also been | 
made on solid and perforated specimens of aluminum, copper, lead, and type 


Roller Tracks. oon: he roller tracks are centered under the edge of the leaf, 
which ne necessitates assembling them around the extended jack rams.’ Tor 
~ mit this assembly, 1 the inside flanges. of the outer beams and the outside flanges — 
_of the inner beams are cut back to the web in three places. The upper and 
lower tracks are alike except for the location of these holes for the jack rams. 
Hand holes are eut through the webs of the outer beams at each jack ica: 
tion. These holes are “necessar y to permit the removal and ‘replacement 
the rocker disks under the’ rams. eB The three inner beams are bolted together 
in a unit so that the titer beams can be slipped into place quickly. ae The 
four vu ‘upper tracks are’ made to move as a unit by ‘connecting the ‘up-stream > 
Be down- stream tracks to each other, and then connecting the - quoin and 
miter ends by two. H -beams. 
re The original tracks’ were not provided | with hand ‘holes and ‘were only 
lo oadty bolted together. - The difficulty experienced i in assembling the original 
racks was overcome by bolting the inner beams together and providing sep- 


fixed in partly 0] open position; so as ‘sufficient room for scaffolds on 
Bae: miter ends ‘of the leaves’ after they had been pushed from the wall. i In 
“a this position, ‘each leaf partly overhangs the sump. — Ap pair of bearing- blocks 
sf up of plates’ and angles) was provided ‘niider: the miter end of each 
leaf ‘to overcome the difference | in elevation. One block in each pair’ has 
er corner cut off diagonally, and is slightly shorter, so that it 1 may be placed 
_ parallel to the line of rolling and against the arched sill, ‘A leveling screw 
is placed at” each corner of the blocks: ‘making it a simple matter to bring 
them quickly and easily to grade. -Punch-marks in the’ top plates indicate 
longitudinal | and transverse center. lines of the jacks, The! larger block 
the pair weighs 14 980 Ib; the smaller, 12630 Ib. 
ma . The original blocks were steel boxes set in place : and filled with concrete, 
them so heavy that: they: were extremely difficult to remove with 
a _ the available’ “equipment. These old blocks were “scrapped” and the new wi 
steel blocks’ are ‘easily placed in approximate position, later to be removed, 
Bearing Slabs.—A rolled- steel bearing slab, (see Fig. 6(9)) is placed at 
group ‘of jacks. ‘Three counterbores | (Fig. are cut in the top 
of each slab’ to serve ‘as secrete for the rocker’ ‘disks: under the jack rams. 
Eight, leveling ‘screws, one on each corner, and four along the center line 
a serve to keep the slab level while it is | being grouted in place. The - center 
lines ‘of the jacks are indicated by purich- marks. ~The two slabs at the 
; and the up stream miter — is ‘sup: | 


Bearing- Blocks. —For the lifting and rolling operations ‘the leaves are 
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on the block, but the down-stream slab bears. 
n the bearing- block and partly on n the sill. ani, Anat 
Guide- Frame and Cables: The guide- frame shown | in ‘Fig. is provided 
as a safety measure’ against possible overturning. It is designed | in accord- 
-anee with the specifications for steel railway bridges of the American Railway 


wall end of the frame is toa costing 


A. 


vt 
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8.—Guine- FRAME TO ‘PREVENT OverTu RNING. 


vite 


leaf recess The other end, equipped with rests | on the leaf 
= is' provided with a4 ft slot to permit the leaf t he 
7: from the wall. A casting that holds a spherical- headed pin is bolted to the bh 
i top center of ‘the leaf. ~°This pin is provided with a ‘square ‘nut, made in 
halves’ and’ bolted together around the spherical head. The nut travels in the 

at. 

4 -guide-frame slot when the leaf is ‘pushed from the y 
‘Fout in., “galvanized, extra” strong, plow-steel cables are fasten aed to 


, lowering, aid moving, ‘the fram 
Pusher ‘Jacks—The leaves are ‘pushed from the wall by two hydraulic 
jacks, one’ on each side’ of the leaf, which are suspended from the H-beams 


_ that connect the upper miter tracks to the upper quoin tracks, ~ These’ jacks 
to 
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RENEWAL OF MITER-GATE BEARINGS 
. _ used i in raising the leaf. _ ‘The jacks, with rams permitting a 4-ft stroke, roll 
leaf ‘the ‘required distance with one continuous movement. 
The jack ‘eylinder i is a 5-ft section of 3-i -in., .., double, e: extra heavy, lap- -welded, 7 
sted pipe. It is closed at one end _by a plug and a bearing head welded — 7 
- ee place. The bore is 2. 425 i in. in nates with a : solid steel ram, 2.410 in. in 
- diameter and 4 ft ft 104 in. long. A small hole drilled _ through t the cylinder 
wall releases the pressure when the ram has traveled the necessary 4 ft. The 
jacks used during the Pedro Miguel and Gatun over-hauls had only a 12-in. 
stroke; ; Pressure was supplied by a hand- “pump and considerable time we was lost a 
in and resetting the jacks after each stroke. 


Timber was against lateral movement at the 


—The layout on t top of the lock swells for ‘the 


months before over-haul in to allow the ‘anchors to be completely 

set and grouted in place before beginning the actual work. cy The line and — 

position of each anchor were referenced carefully to "brass plugs grouted into — 


the conerete and center- punched, . . This preliminary work was done largely z 


Very few ‘extra 1 men were required, and no valuable. time was 


and stocking temporary tool sheds time-keeping (d) in- 

: stalling f field telephones at convenient points along the lock- wall; to 
‘assembling such | equipment as. could be done at this time. 

The equipment was distributed in 

and a color to each pair of eaves. Each 1 piece of equipment was ‘stenciled 

with its proper mark as soon as it was received, Two electric cranes, -con- 

verted from towing locomotives, capable of ascending or descending the 
ramps, were used for much o of this distribution work. 4 
Layout on the Chamber Floor.— -As soon as the weather indicated the 

_ ginning of the dry season, a floating caisson was placed in position and sunk 7 


low tide. water remaining, #1 in the chambers (approximately 1 10 ‘ft 


trically. driven. centrifugal pumps: in the “im... While the "chambers were 


| 


being unwatered, ‘elevators were placed in Position and small sh, cranes 
a began in the upper chamber as soon as it was dry. 7 The sills were 
cleaned of mud and the water. was pumped out of the sumps. The clapping- 
Ss on the leaf and its lower retaining angle (see Fig. A) ee removed and 
bottom and lower part of the leaf and cleaned. dy. 


"were. on the tops of the leaves at the miter and quoin ends, Bob. 
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by swinging the gate to ‘the position for and 
operations. This position is determined by a direct measurement from a 
brass: plug that indicates the of: the guide- frame anchor, to 
: center of the spherical-headed pin on the gate. | The he position of the leaf is 
checked carefully because a mistake in this “measurement would delay the 
a work seriously. With the leaf in the correct position, the base line is estab-— , 
lished « on the floor of the chamber and the leaf i is. then swung to the full open 
(against the wall) ‘position. With the base line established, brass plugs are 
set on the longitudinal and transverse jack center lines for reference points. 
‘The area to be chipped under the bearing- blocks and slabs is next marked 
out, and the location of each jack and sepnarceentiringurai by punch-marks — 
he 
ae. Certain rivets must be burned out. to permit passing the high- -pressure 
- piping through the | leaf and to bolt tl the pump platform hangers (Fig. 1) in in 
a place. Sections of the sill angle are burned back to allow the jacks to be 
placed close to the face of the leaf (see Fig. 6(g)). . The sections of the. sill, ; 
to be “burned” are marked with white tae those cut from the e angle are 


line, for the is marked on the leaf from a bench- 


bearing slabs” (Fig. 6(g)) are set with their tops only slightly above 
the level of the concrete sill, making it necessary to | chip a recess in the’ 


it is necessary to a mat ‘the bearing-blocks 

order to | bring them to their proper elevation. — As soon as the leaf layout 7 

| has been completed, workers begin chipping the : areas under the blocks and — 

slabs. After the blocks have been placed in correct position and elevation, 


| 4 ‘the mat is formed by pouring cement mortar between the bottom of the 
block and the floor of the sun sump. ‘The 1 mortar consists of 1 bag of cement to ie 
2 sacks of sand, w with 2h) Ib of calcium chloride for each bag of cement. — 


=. vertical 2- -in. pipes through ‘the blocks acted as vents and "prevented ae 
the formation of air pockets. 


four bearing slabs were carefully leveled (the permissible variation 
7 


being sr in.) and checked before and after they “were grouted i in place. 
_ The correct position of the slabs and blocks was easily established by bring- Z 
» ing t the punch- Rene on them to piano wires stretched between the reference. 


= Assembling and Testing Equipment. —As soon as the shahen were set and the 
was: completed, the leaf was swung t the | jacking position and 


the ih between the milled bottom: of the leaf and the slabs was care-— 
checke _A difference: of in. in level w put undue stress in ‘the 


q 
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RENEWAL OF MITER-GATE BEARINGS 


track beams. le The 1 few ‘slight differences were e corrected. by spot- -welding thin 
steel shims to the ‘bottom of the leaf (see: Fig. 6(g)). needle-beams 
placed and connected to the the pump was — 


ment was for a 
_ Each pair of jacks on the same needle- beam was tested Soe 
5.05 
pressure being raised gradually to 105 tons per jack, which was equal | toa 
50% over- -load. After t this test, each» group of three jacks (Fig. | 
tested to the same pressure, during which levels were re taken on the slab under 
the jacks. Occasionally, a deflection | of 5 ¢@; in. would be recorded with a 
Toad « of 315, tons on the slab, but in most cases no deflection could be observed." 
Any” leaking connections tightened the v alve stems. _repacked if 
aul The next step was to pull the yoke-} -pin at the. top p of the leaf; -The jacks 
were used to lift the miter end slightly which allowed the pin to ne 
easily. pr ‘Then the wedges that key the yoke to the anchorages were removed; 
being very tight, were dislodged with difficulty. Several: methods were 
tried, but the most satisfactory proved to be the following: . oA ‘pneumatic 
paving breaker square- -end bit was held on the wedges. until the 
- vibrations had had broken the rust film between them and heavy driving wedges 
a and follow- -up blocking were then placed back of the key wedges. ‘The aor 
Gams ‘wedges were ‘struck with the hammer of a ‘minature pile- -driving rig 
4 by the jib crane on the quoin end of the leaf. The necessary effect 
was secured by allowing : a 150-lb weight to fall approximately 6 ft inside a 
AI -in. pipe placed over the head of the driving wedge. Ten or twelve’ ‘blows 
of this hammer were usually sufficient to start the key wedges. . While’ these 
= were being driven, two-thirds of the weight of the leaf was carried by | 
e jacks and the remainder by follow- -up blocking under the ends of the 


needle-beams. was — around the yoke the leaf was r eady 


routine, The end of each "piaie was blocked up dug raising and lowering © 


so that if the oil pressure failed the leaf would not be dropped more ‘than 


4 in. One machinist and two helpers were stationed at each group of jacks : 


group was easily visible. The lifting w: was started wih in. . of blocking 
; under the beams, and as the leaf was ‘raised, the ‘blocking was changed at 


a whistle signal from the supervisor. _ When each machinist had signaled a — 
clearance of slightly more than 4 in., _ the whistle was blown and the four’ 


groups changed the blocks together, in. blocks: being removed ‘and. 


ei 


2 — block put in place, making a total of 1 = At the next whistle, the = -in, 
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replaced until “another Fin. block could be ye added. This 
cedure was continued until ten j-in. blocks were in place. A solid 5- in. 
| block was tl then substituted, one block at a time, for the set of 4-in. . blocks. 
| The leaf was then lowered, the pressure released, the wedges back of the 
s jacks were removed, and the jacks reseated by hitting them lightly with a block 
of wood. A slight pressure was then put on the rams and the aligning wedges 
were re replaced. The r: raising ‘was continued as before until a a total of 15 in. of — e 
| was in place, thus making net of 14} in. 
re-alignment of the jacks: was important because they are subjected 
to severe lateral thrusts if their axes of travel are not parallel, The a average: { 
pressure required to lift the 82-ft leaves was 70 tons per jack 6 900 Tbe nl 
sq in. ), or a total of ‘840 tons, including the equipment a and 
friction i in the jacks. 
blocking: i in place. 
ment was checked with a transit on a line parallel to the down- ‘stream mene . 
of the leaf. Observations: “were { taken on targets clamped t to s of the 
reaction ‘castings and perpendicular to the face. The targets consisted of 


é-in. sections of a folding rule fastened to an arm. welded to a C- -clamp :p and 


deflections | of in. could be read easily. unbalanced loads. were con-— 
trolled by proper. tension in the stay “cables; a ‘signal from the transitpan: 


would indicate thé direction of any” lateral movement to a machinist sta- 
the guide-f frame who, in turn, would direct helpers, one at each 


jurnbuckle, as to the proper tension in any eable.. In this manner, the guide- 


January, 


frame was kept free for "any emergency. 


With the leaf its full “height, the weight was carried partly" 
} 


he ; jacks a1 nd partly by the follow-up -up . blocking. | The u upper and lower g aig 
of i inner H- beams and the rollers were next installed. The full weight was 


hen taken entirely by the jacks the follow- -up blocking was removed, the 0m 
-beams were bolted on, the guide-bars placed over the ends of the rollers, 


ind the beams, tying the upper tracks together, bolted 1 in place. o. “ee 
i To make certain: that the gate would “move away from the wall. on the 


redetermined line, it w was essential that the rollers be parallel and aus axes 
jormal to that line. The front and rear rollers: of each: train were omitted 


aligning, or dummy, rollers inserted in their place. These were long 
mough (9 ft 8 in.) to extend through the up-stream and down- strea am 


ide -bars of the roller er train, thus i insuring that the rollers i in opposite trains: 
ere parallel. The a: axes were made normal to the line « of rolling by bringing 


he up- stream down- stream ends of the dummy -equi- -distant the 


nnch-marks which indicate the transverse center lines of the jacks. Y ‘The 
immy rollers were then withdrawn an and the regular rc rollers inserted. Then 
e leaf was landed on the tracks and preparations were made for rolling it, Be = a 
With» the leaf resting on the roller assembly, the lifting 
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jacks \ were hung i in place (see Fig. 9), and connected to the pumping unit, and f a 


the timber shoring at the ends of the leaf removed. Wood- blocking, im 
consisting of 12-in. lengths of 6 by 6-in. timber, was then placed between § 7 
the Jower miter-end tracks and a. striking ‘point on the H-beams. These bac 
blocks were » removed, one by one, as the leaf moved from > the. wall, ‘thus 


providing: a safety measure against the possibility of the leaf running away. § 


The stay cables ‘were carefully regulated and were arranged so that the ar 
of travel was divided; that is, when the leaf was 2 ‘ft from the wall, th 


cables 0 on the ‘opposite sides of the leaf at each end were in line with eaclfl 


other ar and normal to the ¢ axis of the leaf. _., When the leaf had been rolled th 


* 


re 


The average pressure required to start a leaf was 5B tons per jack, or 1 


in all; with the leaf rolling, the pressure dropped to tons per 
— ae ‘an indication of the reduction in time required for raising and rolling 


the following comparison is of interest: 


The leaves were rolled back and lowered in same manner, but | 


"reverse order. _Daring lowering, they landéd' ‘the follow- up bl 
5 in. of lowering. This was necessary because 'the jad 
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in settling over the new pintle. Fig. 9 shows the down- stream mit 


resting on the roller tracks and the sates jacks i in n place for moving a ke 


Pintle Pee ushing. —The pintles and pintle bushings were removed from 


wan" 


rae sockets by the use of a cast- steel jacking r ring. Two concentric rows” 


of twelve equally spaced holes were drilled around this ring ; the outer row 


+ 


was tapped for 1 1-in. bolts, used as jacking-serews; and the i inner r row of }8-in, 
holes was provided for use in removing the bushing. 

This ring was placed over, and welded to, th the pintle; two | horizontal 1- in. 
passed through the ring and into dowel holes in the pintle, helped 
to hold it in place. Turning the jack “screws against the lower pintle casting 

(Fig. 3) started the pintle and raised it so that it “eould be lifted out with — 

_ Although the bushings are a shrink fit in in the upper casting, ‘No ¢ difficulty 
was found in removing them. The following w method was the most efficient: a - 
Twelve equally spaced holes” were drilled and tapped into the lower edge of. 

the bushing. Short bolts, % § in. in diameter, passed through the ring and set 
into these holes held the lai in place. The jack-secrews in the outer circle 
B bore against the upper casting (see F ig. 3). 4 A hole was then drilled through | : 

the top of the bushing ‘and tapped for a 1}- -in. pipe nipple. lexible. ‘tubing 

was from fitting to ah hand- operated hydraulic pomp. Oil forced 


SECTION B-B 
to. A: A 
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0. 0.09" 
hs 


152° Diameter 


SHOWING TYPICAL Wear ON : 


be tween the > bushing and casting ‘under a pressure of 600 to 800 Ib per sq in. 


vas usually sufficient to start the bushing. The pumping was “stopped 


phe leakage around the bushing became excessive and the’ removal was com- 
pleted with the ring and jack- “Screws. 


oe. 
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“i The upper pintle castings were examined carefully for evidence of move- 


| 


“ment, or shearing of of bolts. The loose castings were tightened by removing Pd 
the old fastenings at and reaming the holes for bolts and rivets” of. greater Pi 


old pintles and bushings were marked with t the leaf number, 
a, and lines were marked on them to indicate planes parallel and perpendicular 
to the lock-wall. - Later, the amount of wear on each pintle and bushing was 


measured these lines. Figs. 10 and 11 ‘show wear on the pintle 
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respectively, in the twenty years, 1913 to 1933. is estimated 


that the gates frere, operated 71 600 times during this period. abe 
ee. The new bushing is provided with five oil grooves and i is prevented from 


turning by. three vertical 3-in, pins inserted in dowel- holes, one-half drilled 
Roo in the casting and the other r half in the bushing. | e. ‘The new pintle > (actually f 


ao, an old pintle ‘re- machined) was not placed in its _ socket until the leaf was 
aie _ ready to roll back, and then the socket was heavily red leaded and the ball | 


= 


' 
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Bearing- Plates.- —The removal of the plates was one of the 1 most 
"difficult features of the first renewal in 1929. involved: (1) 
bolted to the bearing- plates ; (2) jack- ‘screws through the strongbacks ‘and 
beasing against the reaction castings; (3) jack-bolts- placed between the 
of the stud-bolts and the castings ; and (4) hand- -driven wedges to 


‘remove the. plates. Tt was a slow and laborious method. Details of plate 


eee ee The bearing- -plates | on the gates at Miraflores were removed by a vanadium 
steel wedge 18 ft long, a of 3- -in. per ft, an offset head | 


— 

— 

— 

— 

— 

— 

= 

he 
| 

Pr 

| 

the 

— 

— 


REN AL OF MITER- -GATE 


are shown i in 12. By ‘keying the wedae | to ‘the hammer, 
one crane handled both, while another crane handled the plates as they were 
i taken off. The offset on the wedge and driving head permitted the hammer 
to slide down, the face of the reaction castings as the. wedge was driven 
oe _ In order tos start the wedge, it was first necessary to jack out * the top, of 

each bearing piece at least 4 in. The holes in the face of the plates which 
‘ were filled with babbitt metal were also drilled out. | A novel means of start- 

ing the plates was tried on the last leaf repairéd: . heavy pipe plug was 
- drilled to receive a a firing-p -pin and the end slightly counterbored to hold a 
12 gauge shotgun shell. The wadding and pellets were removed and the shell . 
was filled with 93 grains of smokeless powder. plug holding the shell 1 was 


screwed into the top hole i in the face of each dene plate and the firing- pin 


“about $ in. away from the babbitt- metal backiag? 


and £ 

Fie, 12 STREL AND > HAMMER Us TO REMOVE Brakiy -PLATES AT 

plate J . The wedge.and hammer wets not used in removing the bearing-plates in 


284 oT the wall (hollow quoins) because of the possibility of loosening the. reaction 


dium tastings set in the concrete wall. Heavy strongbacks, . mate, of; by 4in, 
‘head bar, drilled: and tapped for two capstan head jacking-bolts, were most satis- 
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ante for removing these plates. ‘They were re provided with wes expanding- 
jaw. clamps, centered to fit into the counterbored nut recesses of the hollow — 
quoin-plates. _Although this method \ was slow, the re results were entirely satis-— 

- factory. _ Each bearing-plate was marked and the wear measured at a later 
date, ‘Fig. 13 shows wear on the bearing- abilg 


”, 


6 


Downstream Edge 


13. —TxPicat WEAR ON Quorn- PLATES. 


4 


The babbitt metal is held i in by dovetailed grooves it 


to cut it out of the “castings. A pneumatic paving breaker with a 
special cutting-bit proved very efficient i in removing it. The bit was a black- 
peat forging of Ty section drawn toa ‘point : and the upstanding stem ground 


to a knife- edge. With the bit” started between the babbitt. ‘metal and ‘the 


easting, it was s possible to driv this: cutting tool « down the full height of 


the leaf. » No. one was allowed near the leaf and the babbitt metal was allowed 


to fall to the chamber floor as it was cut from the casting. — 
The | bearing- plates were removed and ‘reset f from double- ‘scaffolds 

which were raised and lowered by the jib cranes. _ One seaffold, shaped to fit 


7 @ around the reaction castings, was sufficient for the miter nd, but three were 
_ required at the quoin end; one shaped to fit between the gate ‘and the wall, 
‘and one each for the up-stream and down-stream ‘sides when the leaves had 


been ‘rolled back. . The s scaffolds were suspended by chains hung from the 


ends of an H-beam which was fastened to the top of the top yeaction casting 
and extended over the sides’ of the leaf. The scaffolds could be held at any 
- desired elevation by passing pi through chain- guides « on the scaffold and 


Locomotive axles, car wheels and Tengths of valve stems, which 


‘ had been salvaged from obsolete e equipmen 
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cranes. | These cranes, each with a a capacity of 3000 Ab, at a radius of 13 ft, 
could bes swung in. full circle and were equipped with a single-drum air 


hoist. % lower Portion | of of ‘them may be seen ‘in Fig. 12. 


The new plates” (the majority of which were old plates salvaged 
the Gatun Tepairs and re- -machined) were ‘set in essentially the 


as in the original construction. The attempt was ‘made to set 


within 0.003 in. of their correct. position, but no error greater than 0.005 in. TS 


was allowed. | The plates were set in the following order : Hollow quoins,, be. 
| quoin- plates, and miter- plates, a 


Hollow Quoins.— The hollow quoins were set by gauges from a vertical 


piano wire. correct position of this reference line was established with 
| the aid of a device for centering designed by engineers: the 


Panama Canal and consists of two parts: The cross- bar center | (Fig. 14), 
which | was set in the ‘pintle. socket; and the adjustable slide (Fig. 15), which 


» was ‘supported by a bent channel secured i in the yoke casting. i T he slide was ™ 7 
drilled with three accurately centered 0.033-in. holes, with a tensioning screw 

: provided near each hole. "One hole | was at the pintle center; one, 6 in, from 

1@ the face of the hollow quoins ; and the other, 12 in. from ‘the same face. 


4 The steps setting the device follow: (1) The cross- bar center, or 
| “spider,” | was centered and clamped in the pintle ‘socket; (2) the lower end 


as of a No. 13 piano wire was fastened in the center of the eptider and the u upper — 
al end passed through the pintle center of the adjustable slide; (3) the piano 


wire “was” carefully plumbed, bottom to top, with a with 
striding level, and it was adjusted at the top by moving the slide; (4) the 

oa transit v was brought to the top of the lock- wall: and set up on a line » normal a a 
the chamber axis by transiting- in on the line established by the 
ok: center the opposite leaf and the Pintle center of the adjustable slide; 


md (5) the. center lines on the ‘uprights at each end of the slide were brought 
to the transit line by revolving the slide at around the center wire (this move- 


ment controlled the position of the projecting arm of. the slide | on which | 
e the holes for” the reference wires); (6) the yeferenee wire passed 


lownward through the hole, 12 in. from the face of the plates, and — VS 


to the end of a projecting arm of the spider; (7) this line was plumbed, from — 
the top to the bottom, and securely fastened (this wire is adjusted at the end 2 


13 
| of the projecting arm); and (8) as. soon ‘as the correct ‘position of the pintle — 
center’ on on the able slide had been established, reference 


were placed at several points: on ‘the yoke casting. . These marks were ot 


later in ‘bringing the yoke to its correct ‘position. 7 


a Although the hollow quoins may be set from either the 6- in. or the | 124 -in. vy 
vire; ‘the latter ° was found to give more accurate r results. * The plates are set 

with gauges made of sectors of stainless steel, Ys in. thick, and have the ?_ 
the sector cut to the radius of the hollow quoins. Seratch- marks on the 
gauge indicate the edges of the concave face of the plates ‘and the ; position — 
of the reference Tine. | ‘The gauge is held horizontally | between | the : face of the 


‘tlates. and the reference wire, and the plates are turned, by temporary 
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to set certain. plates without, first the 


With the hollow quoins correctly adjusted, the babbitt metal backing. was 
poured (as described later), the set screws were removed, the edges of the 
plates caulked, the nut Tecesses filled with concrete, and the plates thoroughly 
cleaned. The leaf» was then rolled back and lowered. The task of keying 
the yoke and hinging the leaf was carefully supervised and inspected. The 
jacking equipment was then removed, the operating strut connected, and the 

at Quoin-Plates.—The quoin-plates: were set (by jacking them against the 

5 hollow quoins) with the leaf in a position 1.in. up stream from the true miter 

point. This ‘Setting provided a slightly closer contact between the quoin- 

‘bearings when the leaf was exactly mitered. The line of contact was 

centered on the hollow quoins, and ‘the plates were then forced (with short 
jack- polts between the ends of the plate studs and the reaction castings) 

against. the hollow -quoins until it was ‘impossible ‘to push a 0.005-i -in. feeler 
teen the faces of t the plates. _ The jack- bolts were essentially a a 244 in. hexa- 
gonal rod with one end. tapped for a conical- -pointed nut. The ends of the 

studs were countersunk to prevent the jacking nut from slipping In 

8 setting these « quoin- plates, | it was absolutely essential for the men on opposite 

sides of the leaf to work together, and they were provided with portable 

telephones for easy communication. . To: set the quoin- plates in the exceed- 

5 ingly cramped working § space required some of the most arduous work ‘of the 

entire over- -haul. In order to pour the babbitt ‘metal behind the plates, it 


was necessary to ‘swing the leaf ‘to the full open (against the wall) position. 


_: Miter- Plates. —The _ miter- plates were set early i in the. morning, as follows: 
q@) Both leaves of the pair were brought to the miter point;, (2), the top and 
sig plates were set so that the thickness of ‘the babbitt metal was - the 


Sut 


same on each; (8). the. leaves” “were opened partly and. a reference wire 


stretched from top to bottom | and 2 in. _ from the face of the plates: on one 
-leaf;, (4) the plates were set by : a 2-in. ‘gauge. from the reference wire, and the 
babbitt, metal was poured ; (5) at the same hour: of a following morning, 
‘the leaves were mitered again;, (6) the bottom plates of the second leaf were 
meee in contact with those of the first leaf and the top of the top ‘plates 
separated by a in, filler; and (7) the. plates were set and babbitted. 
‘The effect of this setting was to form a V- shaped opening, # in. wide at the 

top, which served to ‘compensate slightly the effects of 
Pouring Babbitt: _Metal—After each set of. bearing- plates had ad- 

justed, the spaces behind, the plates were filled with babbitt. metal; this work, 
/pouring the molten metal, from small and swinging ‘scaffolds was | the 


‘most dangerous operation of the o over- -haul. your 
babbitt metal in a double- ended, ‘oil- brick- lined, 


400 


- §serews on the 
(see Fig. 14), until the center scratch-mark coincides. with the reference wire. 
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RENEWAL OF MITER 
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Lame 


in the top. for 1 the pots, the compartment under each px pot being ing fired’ with 

separate air-oil burners, with the smoke flue in the center of the furnace. to 


‘spaces: behind the pistes were heated by compressed air to dry 


branches leading to tapped holes" 3 in the face of the bearing- plates. The 
lower plates ‘were heated for about two. hours before the workmen began 
af pouring. _ Experience showed that it was necessary to pre-heat only the lower — | 
- two or three plates rather than the entire height, as was done on the } e previous — 


hauls. ‘The heat from each p pour sufficient to increase the temper- 


xe The sina was heated until a ary wooden stick thrust into it would ignite | 
4 


. j instantly. ‘Four men were required on the ‘scaffold during: the pouring. A | 
helper poured ¢ a small quantity of kerosene into the funnel just previous to 
‘poube. and he was provided with a ‘supply of wet clay for stopping leaks. 
The signalman ‘and the crane “operator were equipped with telephone head- 
in order t to minimize the danger of a misunderstood hand s signal. 
‘3 _ When ‘the plates had cooled, the asbestos caulking was removed, and the 
Tn nuts on the studs were tightened to take up the shrinkage of the babbitt metal. — 
The edges of the plates were then scum with lead, and lead plugs driven 
the holes in the face of the plates. Subsequent inspection showed that 


the: bed set in so no of the was 


3 “Automatic Pintle- -Oiling Device— —In the original design no provision was 
made for oiling | the pintle ‘The new bushings are provided with five oil 
grooves. leading to an oil assage drilled through the: bushing 
—pintle casting. extra heavy 1- -in. brass tube leads: from this oil passage 
to an oil ‘on, top of the leaf, which is ‘placed s ‘so that the plunger is 
a, actuated by the leaf- “operating strut when the | leaf approaches the miter | des 
ti is a question whether - the life of the bearing-plates is increased by oil- | rais 
‘ing the pintle. The bushing must yield with the wear on the quoin- plates’ supy 
in order that the leaves may close to secure the ‘necessary arch effect when Eng 


However, the the 


4 


leaves swing more smoothly. : 


Concrete Sills- —The fixed wooden s ills (Fig. 5) replaced with con-| 
crete the ones were to the attacks of the 


velar in. “thick, “were set 1 in. into face of the sill 
Zs = the miter end to prevent the leaves from slamming too forcibly against 
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Sealing Bead on Bearing-Plates—To : secure a truly water- tight bearing, 
_ projecting beads of babbitt metal were ‘poured into small dovetailed grooves — 


in the faces of the miter and qu quoin bearing- This was the ‘last opera-— 


-= cals. At the quoin we ‘one groove was placed 23 in. . down stream from, 


the center of the quoin- -plates on each leaf. 
T his paper pean the various operations i in reference to one leaf only. 


It should be understood, however, that three complete sets of equipment - were 
provided, and that the bearings Tenewed ‘simultaneously on six leaves 
in each chamber. The work was done continuously by three 8-hr shifts, § six 
days per week. Numerous flood- lights provided | ample illumination for all _ 
a night work with the exception of raising or lowering the leaves, which was _ 
done only in daylight. 
Each, group of leaves was in direct charge of a foreman, general 
supervisor re esponsible for ‘the three groups. Engineers and ‘inspectors on 
each sh shift were responsible for the correct layout, proper use of the ‘equip- 


‘ment, and the final adjustment of the new bearings, 
_ The following non-related comments are worthy of attention: (a) Ex- 
_ tensometer readings, taken during the gate- raising, gave | results that checked 
closely with the computed stresses; (b) the “average cost per leaf _Girect 
charges) was $25 5 698. 55, pages labor, special equipment; 


re-marked, and Gatun for until the next over- 


haul on those locks. 
* The equipment and methods for renewing the bearings on on the Panama 
Canal gates have become practically standardized and only very minor 
changes i in detail a are probable. 


‘The plant. _and_ equipment for overhauling gates were originally 
: datanel by E. S. Randolph, M. Am. Soc. C. E., and many of the improve- 
oa _ ments are due to his is recommendations, made at the conclusion of the trial — 
raising at Pedro Miguel. ‘The unit stresses, as given in this paper, , and other 
data, are from Mr. Randolph’s report to the “Aseistant 
Engineer of Maintenance of The Panama Canal, in 1929. The writer, as 
Junior Engineer, was in charge of engineering and inspection on one of the 
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OF HEAD IN ACTIVATED SLUDGE 


This _ paper involves the consideration of no new hydraulic theory, edi 


“formulas. The problem implied in the» title includes” an analysis of flow 
conditions that differ from ‘those encountered i in the usual channel problems, 


_ because the ‘introduction of ‘diffused sie tends to retard velocity. 
‘The ‘presentation is semi-hypothetical, ana the: various functional values 
expressed | are, strictly ‘speaking, relative such they are susceptible 


direct application and use on the ‘basis of any value We ‘that’ may be" 


selected. be he assumption is made that a roughness coefficient of n = 0. 113, 7 


in ‘Kutter’s formulas, is reasonably applicable for all practical purposes to 


channels constructed in a ‘manner similar to described | herein, and for 


vious. experiments have led the Ww writer to conclude that this solids content does 


purpose of the was to determine the e tent to which flow is 
when diffused compressed air is intro into a flow | 
sew rage and | activated sludge, the total matters in the em ixt 
“varying inappreciably from a normal, value of 3000 ppm. Numerous pre e- 


“not. change the hy draulic properties of the mixture from those of water alone. 
} 
a The tests indicate definitely that: (a) Resistance to flow increases because — 


of diffused air; (b) as the velocity of flow decreases, the resistance 


and ‘the use of higher values of n is necessary because of increased resist 


ance. e. The : subject has been treated sufficiently herein to enable 1 ‘readers to 
comprehend the nature of the problem and the applicability of the ‘results 


‘Sanitary engineers are familia ar with the fact that the activated sludge 
process of sewage treatment involves primarily. the injection and difeaien 


of. relatively large volumes of compressed air into the liquid sewage under- 


Nors:—Discussion on this paper will be closed in April, 1934, Proceedings, 
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3 
going treatment, and d that the countless streams a 
By injected at the tank or channel bottom offer resistance to the forward 
J ‘movement of the flowing sewage. | This latter fact i is obvious. to one who has — 
observed the | surface appearance of an aeration tank or an aerated channel 
in which may be seen innumerable and continuously changing cross- -currents, 


counter- currents, and swirls—all of which are indicative of resistance to the F 


a was because of this condition and the realization of its significance in 
_— hydraulic design, complicated by this flow- -disturbance factor, thé that the writer 


“undertook to determine the extent to which flow was retarded when . diffused 
compressed | air. was introduced in the feed channels of the existing sewage 
~ preatee plant at Milwaukee, Wis. It is worthy of note that, the selection 


<i sg of n = 0.020 in Kutter’s formulas, was considered ultra-conservative in 1928 


when the design of the present plant was begun, and that subsequent opera- 
proved conclusively that this coefficient was inadequate. 
The intent of this paper is ‘not to formulate basic to 
hydraulic properties of water or sewage, mechanically impregnated with 
diffused air. As a “matter of interest, however, it ‘may be assumed that: 
(1) Water impregnated or saturated with air has a | specific gravity less than " 
| water alone; (2) because of this probable fact, it possesses hydraulic properties 


x differing from, those of plain water ; ; and (8) if (1) and are 


modified in order to ‘classify this particular medium 


Diffuser Plates 


SECTION 


es ‘However, in this paper, the subject ‘must. be treated from the viewpoint of 


an increased roughness coefficient, assuming the flowing medium to possess 


‘For the purpose of determining the roughness coefficient applicable to use 

‘formulas, two head-level recording ‘stations were established, 

apart, in a section of _aerated- “sewage feed channel w where 
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cross- was uniform. In 


is section, the of the 
, - test, the cross-section area was 75.39 sq ft, the wetted perimeter was ‘ 27.47 ft, 
and the mean hydraulic radius was 2.774 ft. The floats for operating the 


"recording cour were mounted in 12-in. pipes with upturned entrances, 


in Feet 


jevations 


EI 


on 1 2 


2,—Hmap LEVEL 31 IN STATION No. 1, Jucy 8, 1928. 


6 in. in in “diameter, at , the bottom, to exclude the ascending streams ot : 


be 


one the ) many graphic taken ¢ at the ‘station, 


ions in Feet 


=e 


Fic. 3.—Hap Levert CHART IN CHANNEL, STATION No. 2, JULY 8, 


the degree, of quiescence. It will be noted that the pulgations 


“vertical movement between 0.02 ft and 0.05. ft. ‘The at down- 
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pulsations | of greater. magnitude than those at the stream station because 


Sf 


f of an obviously. greater degree of diffused air disturbance at this } point. The i 
vertical movement of these continuous PROMPT: may be seen to vary between 


The channel in which the stations “were established contained a pair 
practically continuous rows” of diffuser “plates (see Fig. 1), no two: of which 


could be assumed to possess identical characteristics of porosity and air diss 


| The rate at which air bubbles or coalesce, however, has a more im- 
‘pulsations. Presumably, the coalescence factor assumes 


5 ee 5 prominence and greater irregularity : as the velocity of flow increases. 
The velocities observed during the tests 1 ranged be between 0. 9 ft per sec and 1.3 


“i ft per sec, computed on the basis of the wet cross- s-section . and Venturi meter 


From Figs. 2 and 3 one might conclude (with logical jastifeation per 


Bee: that the flow- -disturbance factor inherent ‘in the particular flows under — 


discussion is not susceptible to precise analy sis; the writer claims only that 


mation in practical design Tt 


S co however, that final results stated in the 


aper are. sufficiently on the side of safety to warrant confidence im their, 

representative daily record of liquid levels taken at the two stations 
is presented in Fig. A, the curves being values. averaged from, those ‘shown 


z in Figs. 2 and 3. It is significant and unusual; perhaps, that the total loss a 


oF of frictional head between th the two stations is. much less (particularly when | oor 
i © considering the record at the down-stream station) than the range in pulsa- op 


* tions, the average being about 0.02 ft, and the pu between 0. 06 

ft and | 0.09 ‘ft. ‘The average curves in Fig. 4 ‘compare favorably and consis Sa 
- tently, however, with ‘many similar records taken daily y over a period « of three |. fa 
weeks at the two stations. _ The average friction loss between these ati hing 


fact’ established quite definitely in ‘eonnection with’ losis of 


determinations’ was is that the coefficient of ‘roughness | n-values) increased 


varied | only ‘slightly ‘under. comparable flows, generally about 0.02 ft to 0. 03 
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velocity of flow decreased. The approximate trend is indicated by the 
upper. part of Curve Fig. which was “constructed from -liquid- -level 
observations made i in July, 1928, on ‘the ridge- and-furrow aeration 
_.The value of n is 0.08 035 at 1.3 ft per sec and 0.0836 a 0.9 ‘ft per sec, which 


- -Curve and- furow System he 


ri Curve 2, Suggested for Use in Connection with Circulatory Aeration 3 


Logical Curve Extensions Based on Judgment 

0.40 


009°: 


CHANNEL (WITH ESTIM ATED BELOW ELOCITY OF “0.90 Foor PER Sxconp). 

- indicates an increase in n of about 25% for a reduction in 1 velocity of about 


80%; and, vice “versa, a decrease in n of 18% @ for 2 an increase in velocity « of 


at 44%, considering « only the two terminal points of the « curve, as shown. mite 
hypothetical | cause-and-effect theory may y be aseribed to this varying 


™ ‘Toughness coefficient whicl which, from the standpoint of practical merit and appli- 
-eation, may possibly posse possess little to warrant any elaborate exploitation. Cer- 
_ tain factors of influe lence a appear to be suffic iently well defined, however, at Da 
Teast to warrant mention. | Upon analysis, it becomes apparent that the 
by hydraulic properties of a channel ¢ cross- section may be assumed to be changed 
g artificially through the continuous presence in the flowing medium of the 
-¢ountiess ascending streams of air bubbles, the degree of change depending 


a- a primarily on the rate of diffused air injection. This. statement is made with — 


particular: reference to an artificially and obviously decreased cross- -section 
‘and. the resultant increased wetted perimeter, ascribing to an .air-bubble sur- 


ee by face the. same, or. nearly the ie same, value of unit: wetted perimeter :as. that f 
ns » which | applies to the wetted surface of the channel structure itself. . On the hd J 
ft. @ basis of this hypothesis, it is obvious that the “air”-wetted perimeter would | be ‘ 
ad theoretically in to the rate. of ‘diffused nic as” 


4 oted, and, a a consequence, hy rdraulic radii wow 
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_ somewhat the same yuiipactbone, , ignoring for | the 1 time being the extent of the 
“¢ fixed wetted surface of the channel s structure and its definitely known in- 
fluence upon the hydraulic properties of the channel. 
Because of the tendency of the air-bubbles to coalesce the 
irregularity of which may vary with both the velocity of stream flow and rate 
oa of air injection, it may ‘readily be seen how in impractical of strictly theoretical 

application : are certain factors which, apparently, a are rather xr clearly defined 
7 and understood. For example, if there were no coalescence, and if the almost 

continuous streams of air bubbles could be assumed to rise in truly vertical | 5 
streams substantially unchanged : as to size and position, that part « of the 
wetted perimeter herein ascribed to injected air could possibly be assumed 
to vary in direct. proportion to the rate at v which a air was injected ‘and to the 
— total bubble surface exposed to the liquid in which the bubbles: are contained. 

Furthermore, air. bubbles are ‘relatively ‘small immediately after they 
ejected from the pores of a ‘diffuser plate (ordinarily ys in. . or less, in 
diameter) ; frequent observations made in connection with the diffusion of 
air into glass cylinders containing | clear water, “indicate that for a distance 

+ of a foot or more immediately above lat ac ‘ 
tically the entire space appears to be occupied by diffused air, This, in turn, 

indicates that a substantial part of the lower zone of the cross- s-section is 
appreciably restricted as to availability for ¢ water displacement, and , econse- 

to the forward movement of the flowing medium. bubbles 
reach the upper zones they increase appreciably and become more irregular 


as to size, , which is a direct result of air expansion caused by the » decreased 


water ‘pressure and, more particularly, by coalescence. 


During the period in which -liquid- level records were being obtained, air 


“Za forced into the flowing admixture of sewage and : activated sludge at a 
constant rate of 1 cu ft of free air per diffuser plate per min, and upon 

; a strictly - assumed theoretical basis the air-bubble resistance to » flow was con- 
stant. However, inasmuch as resistance to flow, or the roughness coefficient, 


has been shown t to increase as the velocity of flow decreased, it follows that. 


decrease in ‘roughness coefficient with | a fixed rate of air injection, may be 
attributable an increased, degree of of as direct result of 


ax 


= = 


oe extent to which the hydraulic properties of a ¢ channel are subject to assumed 
. a, modification due to the air- injection feature. The 1e values are based on: (a) 

_ The velocities that obtained during the period in which records were taken 

i (0. of ft to 1 3 ft per sec) ; ; and (b) the friction head | per linear foot of ‘channel, 
using n= 0. 013 as a basis (see Table 1, Columns qd) and (2)). 
Values: of n and C, shown in Columns (3) and (4), were computed. 

Column (5) contains | relative velocity reductions as a result of increased 

m-values over and above n = 0.013; in other words, the velocity values shown 
ji this column are those which. if used in connection with values in Column 
(3), would produce the same friction heads as those ‘shownin Column (2), 


. a are translations of values of Column (8) into terms “ relative velocity. iy 


= 


— M 
re 
— * 
4 
— 
Vel 
— 
4 
1 
— 
— = 
— 
me 
a 
| 
Tt vel 
wel 
— 
eau 
— 
— 
tot 
— 
Use 
Nor 
| clea 
— 
abse 


ACTIVATED SLUDGE _ AERATION _ CHANNEL 


— 
Furthermore, on the foregoing for mean radii, 
MR, and wetted erimeters, are shown in Table 1, Columns" (6) and (7), 
pe: 
respectively. These data indicate ‘the degree to which the two 
TA OF AERATED CHANNEL PROPERTIES, ‘Usina ASA 
Basis AN UNAERATED CHANNEL oF CONSTANT AND ‘THE 


‘Value | of C for fric- | mean peri- | centage | centage 
‘Friction of n of | of | tion head | radii cor-| meter | deer increase 

ead per | curves | curves| corre- | respond-| corre- a aa of wet 

foot for shown | shown] spond- |ing to sponding radii at ~peri- 

n=0.013 | on a /_on_ | ington | velocity | to mean n=0.013 | Meter a 
Fig. 5 | on curve at radii at | °° | n=0.013 

@ (4) Oo | i 


0 .0000392 


functions may be assumed to be altered, on the that the wetted 

‘ perimeter may be increased and the hydraulic radius decreased, due to the a, 
_& presence of vertically rising streams of air- -bubbles which are assumed to 

—&D offer r flow resistance: comparable | to that of a surface with a a fixed wetted peri- 


CD), but - Column (8) and (9) (Table 1) indicate the same as Columns (6) mr 


were removed, and n = 0.013 were substituted. wie? 


-Much more of possible interest might be presented relative to: (1) 
sg cause and effect of the air injection; (2) the resulting retarding current dis- “Gm 


f turbance factor; and (3) its taemane on hydraulic | problems of design. Never- 
ca theless, it is hoped that this discussion has been in sufficient detail to solicit — 
le appreciation of, and to direct attention t¢ toward, the significance attributable — 


q 


» the flow characteristics of sewage impregnated with air. 
a In the system of aeration using circulatory flow, relatively f few diffuser 


plates are needed as compared with the « so-called ridge-and-furrow system i 
use at the plant i in Milwaukee. It is the writer’s judgment that less retarda-_ an 
tion of flow might be anticipated in connection with that system. In Fig. 5, — : 
Curve 2 has been plotted arbitrarily and i is 5 suggested for : use as noted in con) . re 

bo The reasons for anticipating lc lower n-values are as follows (and it is to be My 
‘early, understood that these reasons” are formulated and offered in: the bd 
absence of supporting data other than that of ‘attempted logical analysis) : = 


hh visualizing the of activated sludge under- 
MOVEMERS 


0.0000288 | 0.0351 | 49.5 | 0.442 0.65 | 116.0 423 423 
1.20 | 0.0000242 | 0.0363 | 48.6 | 0.396 0.63 2119.5 | 436 | 436 | 278 
1.00 | 0.0000200 | 0.0388 | 47.0 | 0.350 | 0.61 123.5 286 
0.90 | 0.0000162 | 0.0424 | 44.6 | 0.298 0.565 | 133.5 | 486 | 486 | 3022 _ 
0.80 | 0.0000128 | ...... | 
_In Column (10) able is noted in percentage -extent to which the 
4 
i 
— 
— 
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‘going aeration where diffuser plates” are. numerous, as ridge- and- 
a 


furrow ‘system, there’ is in the general proximity of each | diffuser plate a 


complete induced eyele of ascending and descending currents, the total length © 


ascent and descent traversed being approximately equivalent to , twice 
the depth of the overlying liquid. Obviously, then, ‘the more numerous the 


diffuser | plates are the more numerous Ww rill be current eveles, the greeter 


oe Ass a result. of the higher and more re frequent upward and dow nward current 


‘obviously be Otherwise stated the pot of “the ‘resultant of 


the horizontal and vertical flow. referred to the horizontal might 


In the strictly circulatory or spiral in a tank or 


sizable channel, fewer diffuser plates cused _and, consequently, fewer 


~ _ ascending and descending flow- retarding currents are present, In this system 
in 1 which the diffuser plates are located along one side of a tank « or channel, a 


a circulatory flow around the entire periphery is” induced as result of 
the injection of air. This ¢ creates a ‘a sufficient head at the liquid surface over the 


diffusers to set up the ‘eireulatory flow from which the system derives its name. ‘a 


a _ Little or no well- ‘defined current other than a relatively slow forward move- — 


; ie ment is present in the’‘ ‘core” of the liquid, or in that part somewhat saniieel: 
from the well-defined peripheral currents, Therefore, in in the absence of 
in these zones (which, in area, comprise the major part of the total, 


eross- section) there > is little or or no ‘resistance to forward flow, the lateral, re" 


stricting curre rrel 
the sides and bottom the tank and in the liquid surface. 


te 13 The range of channel velocity herein noted (0.9 ft to 1.3 ft per sec), is 
in which activated sludge ‘particles would ordinarily be precipitated 
_ the bottom of a channel, in’ a liquid sewage medium. — The diffusion of air. 


into the mass obviously is made necessary when the range of flow is great 
and when there is insufficient ‘head to produce higher and self- cleansing — 


a far, the paper has treated mostly upon flow conditions in supply 
, on the: basis: of the records mentioned. . In ‘aeration tanks where “a 
low r velocities occur (little in excess of 0.02 ft to 0.03 ft per sec) 
a curve showing ‘n-values” plotted ‘against velocity would ‘be expected to 
proach the horizontal closely as the velocity nears zero. To investigate this 


phase a base rate of curvature was established from readings between v = 0.90 © - 
gel 


v = 1.30 ft per sec, and from this Curve 1 was extended toward values 
of low velocities. This” projection (Fig. 5) showed as an. asymptote to: the | 
4 horizontal zero axis; for example, a value of n = 0.20 was found to correspond ua 


with ‘a ‘a - velocity of only 0.02 ft. per sec. This chance projection confirming a 

logical éxpectations is of considerable interest. 
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The ‘projection of this curve of considerable interest ‘since besides 


showing working: n-values at various velocities its horizontal ‘point, 


7 falling in the | immediate vicinity of z zero velocity as it does, lends additional 
confidence to the 1 manner ¢ and accuracy with which the liquid- -level records 
were taken and the subsequent computations made. low er. -eurve has also 
been constructed for r use in connection with circulatory aeration flows. <q 
7 
closing, the wr riter wishes” to acknowledge with thanks the assistance 
of WwW illiam Landsiedel, M. Am. Soe. C. . who, under the writer’ 


direction, "prepared and arranged the data in the vz rious diagrams. 


> 


> 4 


4 


Paw 


— 
' 


‘ 


Rie 


— 

— 
— 

— 

‘no 
— 


IC. TY ERS 
; 


_WILLIOT EQUATIONS FOR STATICALLY 


INDETERMINATE STRUCTURES 


IN COMBINATION WITH MOMENT EQUATIONS IN 


‘TERMS. OF ANGULAR DISPLACEMENTS. 


gee 
CHARLES A. ELLIS,’ M. Am. Soc. C. 


If the Williot diagram served only as the graphic solution for the deflec- . 


ms of a truss, it would still hold a prominent place among the 
methods used by the designing engineer; but its is by means 


so circumscribed. — Wh en combined w ith Maxwell’s ; theorem 


‘of reciprocal 

displacements it is the quickest solution for statically indeterminate reactions 


in continuous ‘spans _ two- hinge arches, 


‘inherent quality in the Williot diagram ‘recently discovered 
should be of considerable assistance in stress it So far as it 


is a new idea in the theory of structures. 


necessity was the mother this one. 


structure, the writer encountered a problem in 
‘not yield - to an exact ral even to a satisfactory solution because of the lack © 
of sufficient equations, until he discovered them in the geometric properties of 5 
th i 
This paper recites the circumstances leading up to this dilemma, describes a 


the of the Williot strain ‘equations (Equations (13) to (31), 


inclusive, and Equations (29), (30), (36), and (37 ), and shows how they were 
1 combined with moment equations expressed in terms of angular displacements — ene 


Nors.—Discussion on this will be closed in 1934, 
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structures. It also | 
studying a large and unusual _ 
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normal such as some pes a towers for susp ension 


bridges, do not “a themselves readily to solution for ‘statically indeterminate _ | 
stresses Special methods are found necessary. paper describes 


of. f expressing moments in terms of ‘angular displacements 


the. vehicle by which such may wy be carried toa 


sions for moment: 
usually written in the form: 


‘may b be written, as iden 


Whatever | the, variations in I, the moments may st til be expressed as _ 


he a to f, expressed numerically when. the variations 


oe Since the writing of these equations requires known moments of inertia, © 


the of this, method postulates structure. Tf, the 


making certain’ probable “of “the: structure, 
which will render it statically determinate. This tentative design will 
all. the errors made in the assumptions, It. is desirable, therefore, that 


Fey 


assumptions closely approximate the actual conditions. — This is not a 


difficult matter for the experienced engineer when dealing with 


Other: structures, however, may be so. y: movel or peculiar in typé or 
"extraordinary in size, or both, _ that they do not come in this category, The — 
writer found . this. to be. true. when. designing the towers for. a suspension 
-_— given to” him i in the form shown i in Figs. 2 and 3. This pattern * 


bracing 1 makes the struc ture many times statically” indeterminate. © 


not be a good example | of. eco nic or bracing, but. it illustrates 


= 


— 
a i ‘in which, F is the modulus of elasticity, and 7 represents the constant 7 
inertia. When / is not constant throughout but has the. magni 
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e axial wind iia and ‘moments in the post members above the floor 


Th 

may be rendered statically. determinate by assuming a point of contraflexure 
at the middle of each post member; or, in other words, by : assuming © that 
the moments at the ) two ends of each member are equal. 2 ‘The sum of these e two | 7 
_ moments for | given loads is constant, or - very nearly s so, whatever the design 
and, furthermore, in the interest of economy, they should be nearly equal ; : 
but designing the horizontal struts to ‘accomplish this end is not so simple a 
"Again, if an ordinary structure, the wind stresses in 
diagonals” below the floor could be rendered statically determinate without 


Sha appreciable error, by assuming that the horizontal shear was resisted entirely 


and equally by. the two web systems. Be is not an n ordinary structure, how- 
ever; the wind shear above the floor must be resisted entirely by shears and 


bending ‘moments in 1 the posts. The post members above the floor, therefore, 
n ust be very stiff; those below the floor be. similar in size for 


S&S 


: practical purposes. - Because of this extra stiffness, the posts participate with 
‘the bracing i in resisting the shear to such an extent that the assumption of 
all shear being resisted by the ‘diagonals becomes a gross error. This 


paper will show how, i in the first approximation, this assumption, for lack 
sy of a better. one, , was made for a tentative design, | and how by | a new process | it | & 
i <0 The design began . and proceeded i in a series | of four approximations fol- | a 

lowed. ‘finally | by a review. Each: approximation included a computation 


stresses based on certain assumptions, followed a tentative design. As 


one approximation _another the assumptions were either corrected 


final design. This ; process was” continued ‘until all assumptions except one, 


were eliminated. | Since the external forces acting ‘on each post were the it 
same, their were assumed to be identical. assumption 
postulates equal bending moments: and shears » equal opposite axial 
wind stresses in the two posts, and values of and y corresponding 

The were as shown in 2, A reasonable lo: 
of the allowed unit stress was reserved f for axial wind stress and bending he 

: stresses of all | kinds, and the remainder was allocated to axial dead and live th 
load stresses. Cross-sectional areas were tentatively determined and the W 

tower sections (Fig. 4) were laid out, giving due regard to slender- for 
oe ness ratios. The tower wind loads w were computed and the additional wind | 


loa ads from the and suspended structures were included at the and 


Pos at the floor level, KL, res respectively. - These Toads, as shown in ‘Figs. 2 and 3, at 
one post only; they “are the same for both p posts. gis 
The wind | ‘stresses: in in the diagonals were computed on the assumption that 
two systems “resisted all the horizontal wind shear equally ‘divided. me 
After the erection and riveting of the two ose! = the diagonals must [J to 
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‘Participate with the posts in supporting whatever. vertical. dead live 
ads are added to the posts thereafter. 


Let p = the dead and live load unit stress in the post ; p’, _ the participa- 


in’ unit stress | in the diagonal ; . and 6, the angle, OKW (Fig. 2). _ Then, 4 


. ef 


determining the allowable 1 unit wind stress, and the diagonals were designed 


accordingly. The member, KL , was designed to “meet the requirements of 

a floor. -beam, and 1 the two lower | horizontal members were ‘designed as nominal . 
‘members free from primary stress. . Except for the horizontal struts above 


the floor the first tentative design was complete. 


In the next computation, the ‘transverse wind stresses and ‘moments in © = 
posts were rendered. statically determinate by assuming a point ‘of 
traflexure at the mid- height of panel, Ana lysis the cables and 
"suspended structure showed that the tower must submit to a longitudinal 


deflection at the top equivalent to 17 in. in either direction. The longitudinal 


at ‘each panel point. A. parabola tangent At the center line 
“the base of the post bee having | an abscissa of 17 i in. at the top, was assumed 
loads was computed at each panel point and combined with the of a 
horizontal force, H, acting at the top. An expression for the deflection at 
the” top was developed by the area-moment ‘method and equated to 17 in. 
‘With this equation s solved for H, the total longitudinal moment was compited 


The axial dead, live, and wind stresses and the transverse ‘and’ lotigi- 
‘tudinal moments were now * The resulting unit ‘stresses 


this revision further attention ‘was given ‘to ‘the number and ‘arrange-_ 4 
“ment of cells in the various cross-sections, and to the area and kind of metal | a 

to be used in each. These’ ‘studies resulted in the use of six typical’ eross- 
he 


sections, as shown in Fig. 4, the locations which are ‘siven in 


— 
| 
HHH 
— 
3 
7 — 
at 


saddle -easti governed size of ‘Section A, and the minimum allo 


a 
2 eS radius s of gyration fc for the low er half of the post determined the size and 
- shape | of Sections Eto Es \ which are > alike, except for the thickness of metal i in 
faces, aa and ee (Fig. minimum allowe ed thickness of metal 
5 fixed the minimum area of metal i in any given section, and this fact greatly. 
influenced the grade of steel used. _ ‘The intermediate Sections B, C, and D, 
‘were finally chosen so that silicon steel was required only in Sections A, + J 

and CL i In ‘the r remaining sections -earbon steel with n minimum thickness of - 


moments pri inertia could be by a 
small change i in area, and caused little. change in the longitudinal moment 


r a of inertia, and vice versa. Later developments i in the design proved that the 
i 


HIRD APPROXIMATION 
_ ks the purpose of investigating the transverse elastic curve the structure 
was divided into two parts a point just above the ‘member, K JE he wind 


pene were computed from stresses as previously determined i in the members 


the lower part, ‘and a Williot | diagram was drawn, assuming and 


(Fig. 2) as ‘fixed in position. ransverse of inertia were computed 
‘ 
and the moments at the ends of each member expressed i in the form of Equa- 


tions (1) to (3), except that v for each » member was given the numerical 


value determined from the Williot diagram. ~The wind forces on the ‘struc- 
- ture are shown acting from right to left. ~The moments of these forces above 
and about any section are counter- clockwise | and in this paper are ¢ alled 


positive, hence the counter- clockwise couples, M, and the counter 
The ‘equations, 0, written for Joints K 0, X, 


= ete. 


A ‘the 1 two “diagonal members « on, the left of the center line we the tower 
need, be considered i in the equations, 3M = Joints W and X. 4 In the 
_ equation for Joint K, Mui was not expressed in terms of $i and dk, | but was 
“equated to the known quantity found at the beginning of the second approxi- 


, for by so. doing: was eliminated. from ‘the: equation, The five 
equations were solved and the angles, determined. we 
the treatment of the upper portion, Mix and. were expressed 


terms of and and each, was to, its approximate 


the analysis of the lower portion was aubstitated for. and the two equa- 
4 tions were solved. for i and Wie; The remaining 1 members of ‘the post | were 
similarly, treated, and. the quantities, for each joint and, for each mem-— 
determined. ‘From ‘the values of the transverse the 


re included.» 
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on, ‘the outline sketch « a 


Fig A now made of the transv erse view. The hori- 


ns 
“zontal struts above the floor were assigned vertical dimensions, giving a 
proper architectural balance to the structure, as outlined i in Fig. 3. When the 

4 


bracing below the floor was added, it evident ‘that, for good detailing, 
a the diagonals should intersect the horizontals at the | inside faces of the posts a 

rather than on their center lines. These eccentric connections had also 


advantage, since ‘the resulting eccentric! moments reduced the 


- lateral « deflection of the tower, The member, QS, was raised to a proper dis- : 


ase and a ‘new post n member, QT, entered the problem. | ra 

a he | computations for this second tentative design had been made on the — 
ass umption that the shear | in | each panel below the floor | was resisted entirely 

system. The p process by which this. was 


mbols with: wil. be All are 
expressed inches; all loads and stresses, and all = 


‘vertical ‘component of in any the floor, or 
the. vertical shear in any strut above the floor. 


axial wind in any member. 
the wind strain in any member. 
one- -half the total wind shea ar in any panel. _ — 
= sum ‘of the: transverse eccentric moments in one post A to K. 
Mw = ‘moments of wind forces” on one post above and about 


on one post above and about 
= = moments of 1 w vind on one post about the center Sas the 


wee + Me + leo leo 


The quantities, Mok, may be expressed in terms of 


and ko, while Teo, and Sko are known; henee, Hiw may “be expressed 
terms of $o, and Veo As Hy w is the horizontal component of the stress 


in K W and K WR, rains in these members, and may be 


i 
| 
— 
> dead and live load stress in any post member. 
= horizontal shear in any post member, or the horizontal compo- 
i 
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EQUATIONS | 


is. expressed i in terms of ok, , bo, and Yeo. Likewise, Ave and Aors may be expressed 


aye 


th, 


1 
3b 


v- The stress in KO may be found by balancing the moments about hid and 


that | the 1 moment at the middle of the member, K 0, ‘is 


— Mw 


which, may be expressed in terms of Pky $o, an and 


Aog may be expressed in terms of 


Py = M+ Maa + be We og ¥ You W. + Wat My - 
which, Agt may be expressed in terms of da, You and 


‘equations, = 0, were written for Joints K, W, 0, X, and Q; 


A 
‘moment term, Mx, to account foe ‘the eccentric diagonal « connection was 


- included in the equation, =M = 0, for Joint K, as follows: Let a equal one- 


half the width of 1 the post at K, then My = aViw. From Fig. 5: Bake. | 


+ Mu + Hw = b View: 


od 


nce Me may be expressed in terms of. and The eccentric 
ments at O and Q are treated in a similar manner. — 


a 
7 
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height of the panel, or, i in other words, by making Mu ix = My in the , equation, 


After the value of My; had thus been obtained, the panel height, ix, was 


ak changed i by assigning a depth to Strut 4; ; and also an approximate value for 

Vie was - determined, as described in the ‘third paragraph of this third 7 

approximation. Therefore, the term, lin representing the moment 
of the dead and live loads now enter the Hence, 


; From) Equation (12) it is obvious tl that the sum, Ma + Mri, 1 is s statically 


determinate whatever the design, for the quantity, which is so 


8 =- 1476 x 1715000 = — 581.000 000 in-Ib_ 


le Wa = =-1 476 x 0.0017 x 74.000 000 = — 186000000in-Ib 


— 2717 000 000 in- Ib 
Instead of dividing this sum equally it was decided to ‘divide it proportion- 


ately to the section moduli of the post | at I and K,s 
_ stresses would be equal, with the pay result; 


Me = — 1291000000 intb 
= 1426000000 inh 


o that the resulting unit 


+. Mu = - 717 000 000 in-Ib 
The of arbitrarily fixed at 1 426 000 000 in- n-Ib, the 


 delen was made to conform thereto, and any variation in the sum of the two ' 
on account of Ie later changes in ¥ix% was absorbed, therefore, i in M tke 


The term, Mz, kts is s expressed numerically i in the equation, 2M = 0, for Joint K; = 


therefore, the quantities, and yix, do not appear in the equation. 


br The post is assumed to be completely restrained at 7; that is, ‘e's = ¢ 


Hence, the unknowns appearing in the six ‘equations are a } for each of five Eis ; 
joints and | a y for each of ten members, making fifteen unknowns, = Nine _ 
i 
equations are necessary therefore, for a solution, ‘These nine equa 


tions may | be obtained from the ‘geometrical properties of Fig. 6 ‘This is a 


Usually such a diagram can n be made only when the strains corresponding 
S dees and the other heavy lines on Fig. 6 are known. g Actually, the lengths a 
lines are unknown; but their directions 4 are known. Hence, the Williot 


diagram: can be sketched and from. its geometrical properties relations can be 
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cate the angle that ‘the diagonal with the 


the nine required equations will then be as follows: 


= Ag cosec 0 Agr cot 


Yor = Age + cosee + Age ot -( 14) 


lee = +: Aca +- cosec 6 +. cot 6. .(16) 


The sy previously. derived for each A, in tern ms of and may 


the fifteen unknown 4 and 


7 


dl % 


In this particular design, the diagonals ir the two panels | had equal | areas | 


_ since the wind shear differe ed but slightly i in ‘the two panels, one- -half the ‘shear. 4 
3 being 2 767 000 Ib in the upper. panel and 2979000 Ib in the lower panel. 
‘ When the equations had ‘been solved and the stresses, ‘moments, and shears _ 


4 
 computed,. it it was found that ‘the diagonal, KWR, was shear of 


in ‘the K KO. as well while the 


at ai only 1 363 000 Ib, the remaining 1 616 000 Ib diay lr by the post, “00. 
‘The moment, Mio, Wi was: nearly double the moment, Mex, while the moment 


SLO ms 


op: toe was only about one-tenth the moment, Moo, and @ point of contraflexure 
still remained in this member. The stress in KWR was considerably - 
than double the stress ‘in Oxs. 
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showed th ‘the moments and stresses: “joint 
section. The computations clearly indicated that a better balance in shear _ dee 
- distribution should be sought and that strain rather than strength should be ed 
the governing factor in the design of the web system. . Shifting from one 
“system of bracing to another in the middle of a structure is not unlike 
“changing commanders in in ‘the midst of a battle or swapping horses in the: 
s middle of a stream. Radical changes in the diagonals and minor changes in © 
the posts ‘were necessary before a satisfactory balance in shear distribution | 
was secured, each set of changes being - followed. by corresponding revisions _ 
ind the were then solved for ‘fifteen quantities, 
In ‘treatment the upper portion, Me was expressed in terms of 
and Wiks equated to its fixed magnitude. In Equation (12) 
known magnitude of Mei wa as” substituted and Mix expressed in terms of 
ox, pi, and yix. The quantity, i, was known, having been determined from. 
the computations made for the lower portion \ilee- the last revision mentioned 

in the preceding paragraph. — The two equations were solved for $i and Wik 


: 
and the ‘moment, Mu, was computed. The s sum, n, Mig a Mas, was as then. deter- 


o 
a 
as 


} 


mined an similar to Equation (12), the sum divided propor: 
tionately to the transverse of the at and G, and ay 


If a point of contraflexure is assumed at the ‘middle of oe 4 va 
Fig. 7, if V is the al shear in the 


wy Mig + i Wii Wii Si =< 
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in fret member of Equation (22) are known ex except 
which in the the first approximation of the strut -may be assumed equal to oi 
and the shear, V, determined. walt i 
An interesting problem arises. ‘at this point. following quantities 
4 are known: V = = 138 000 ‘|b; = 0.00133 ; Ait = = An + Aro + Mog 
+ Agt = 0.298 in.; and Pi, = 13 269 000 Ib. The strut must be designed so 
“ah that, when rotated through the angle, ¥;:, and then distorted by the shear, V, “a 
the elevations of the ends of the bottom chord will be consistent with the *: 


_strains, Ast, in posts below. In Fig. 8, let AB and cD represent t center 


The strain in each p post is Ait = 0.293 in., , shortening on one e post. and lengthen- 


sing the other so that the difference i in elevations of B and D after distortion r. 
n 0.2938 x 2 = 0.586 in. If this difference is represented by KD, . then the 
difference i in elevations of the two ends of the bottom chord is, puririniat 2 r 


wa 
center of bottom the strut—all i in n their unstrained positions, | 


= 


Fig. 9, GT is the the elastic. of the bottom malting 


distance, TH, is ‘vertical deflection of “the to be 
accounted for by strains the members of the strut. | The 


to find the areas” of the members ¥ which will cause deflection 
1 


~ J 135138000 - 
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= 
ea gives low unit stresses— —about 6 000 Ib for the chords and 8 000 
b for the webs—which indicates that small strains or stiffness rather than 
strength go governs the design. m. Since stiffness is ‘required, the members them- 
— as well as the strut as aw whole should be designed with this end in - 


view, by concentrating | as much metal in the extreme fibers. or flanges” as is 
The distribution of the shear between n the pon systems, ‘J-1-4 and 
-2- 8 (Fig. 11) will now be investigated. P represent the vertical 
_ ponent of stress ix in I-1, and 5 138 000 — 


The stresses, S, and the strains, by are are ‘given’ in Table 1. 


IN Srrur 4, 


TABLE 1—Wp» § STRESSES AND ‘Srrans BY 


5 737 000O—1.116 P| 4 825 
5 737 000—1-116 P 825 000—0 
5 
702 000—1.1499 P 
| 
‘0498 | 13269000—P 62 000 — 


1- -4, which 
‘ar 


In Fie. let = = the 1 of J oint 4, due to strains 


in the members, then, 


_E d = 29000 000 (804 — 0.436) = 23 316 000 000 — 12.655 000. .(28) 


___ Two general expressions for d in terms of the strains may be obtained — 


the d diagtam, Fig. 12. Soint I is fixed i in position; ‘Member 


d- I , fixed in a vertical direction; ‘and | the vertical deflection of J oint - 4 —— 


 Ed=BF (Aje + Ass) cosee @ +E (Ais + An) cot + + + 


P, the vertical component in J- 


FAG pes 
3 d=E (Aa + Au) cosec 6 + E (An + 


aes the two expressions for d in Equations 8) and (29), sub- 


6 


= 2908 205 000 000 + 6 989 000. 


— 
— 
| 
— 
q _ The post members, J-I and 3-4, have an area of 7 220 , aa — 
all strut members are 478 sq in., except the diagonals, [- 
assigned an unknown area, A, and an unknown value of — 
= 
— 
a 
i 
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Papers 


5 138 000 Ib i is resisted the two w web | sy 
|The strains are determined therefrom by assuming 478 sq in. as the area of 
all members. Joint I is fixed in position and J-I is rotated through 
the angle, vai = 0.00133 ; whence the horizontal distance between and J is: 
360 vit =O 479 in Then the v he vertical distance, 4- A, which corresponds to. 


402 413 


Cosec 


413Cot 


Cot@ 


ig. 9, scales approximately 0 0.436 in. P 
“they are to be approximately symmetrical, about center line “a 
strut and the e values of ya are thus assumed. Exact instead of approximate 


= of ¥ for the strut members could have been included in the bee all 
tions simply sketching Fig. 13 and developing therefrom the expression 
for each in terms of ‘and the strains, A, as given in Table 1. The 
expedient used, however, “saved considerable labor at a small sacrifice in 
The moment at. the end of each” member in the left. half. of the strut is 


424 


expressed i in terms of @ and ya ‘and the known value ¢ of vis is substituted. The 

equations, =, 0, are written for Joints. and 5. At Joints 1 and 

<M includes only the two members on the left a the center line. | In the 


: equation: for Joint there will be. a term, Mi, to account for the eccentric 


= 18 138 138 3 205 000 000 vie +6 989 000)...... (32) 


(= 


— m, Fig. 13, may be drawn to determine 4 
4 
4 
— a 
— 
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— 
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of 
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: Since $i is known, the five equations may be solved for dis 7" 


computed a and Mig determine 
The magnitude of M ig thus found differed with the desired. 


value previously assigned, since in approximating t the shear, 1 from 


ona 


22), Vii ras ‘assumed equi al to $i and no account was taken of the 


‘moments at ‘eo an of the strut members at. J and I. The value of Wit 


was corrected in Equations | (22), (24), and (25); the end moments of the 
four strut. "members were included in ‘Equation (22) ; and a rev ised v ralue of 
the shear, vz, obtained. hen the computations had been re ised 


satisfactory existed between the derived and assigned ‘magnitudes 


of Mjo and no further revision was necessary. 


The value of P, determined from ] E quation (31), was substituted in the 


expressions for EA ‘in Table 1 and | = determined from ‘Equa- 


tion (30), from which the required area of the diagonals, ‘I- 1 and 1-4, -was 


found. The 1 remaining struts were treated in a similar manner. 


of Strut 1 no variation in the shear, Y, could: be made, 


WwW hen the analysis had been completed the moment, Meas 


did not with the: ‘moment. the known forces above B. This ‘was 


accounted for by ‘the fact that in E Equi tions (7), (8), and. (9) the eccentric 


| ‘moments, Men: were taken from a rough approximation to the elastic curve 


and no account was made of the moments at the ends of the sixteen ‘strut 


The equations were ere corrected, accordingly and the computations 


‘The corrections for the lower portion were quite. simple and, because 
> 


changes in design were necessary, were confined to the numerical terms in 
erations, affected. Revisions in design necessary only in Struts 
and 2 3. The value of f Mon was then i in close agreement with the known 


amount of work. of computations and revisions then confined 


toa relatively small part of the structure. wae Beas 
_ Further ¢ attention was now given 1 to the longitudinal m moments. _ In th i 
ond approximation a parabola was assumed for the elastic curve, tange 


at the 1e base with a deflection of 17 in. at the top. pt Th’ the fourth approximatio n 


and were taken as” the deflections at K and and the deflections 


all other where there ‘a in ‘section were expressed a as func- 


— 
4 
‘ — 
= — 
— 
<e 
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‘the and a. Expressions in terms of ry and 
oe were developed by the area-moment method for the deflections at K, F and 
the: top, and were equated to ty and 17 in., respectively. The equations 
were solved, the remaining deflections determined, and the longitudinal 
moments computed. In | the s second approximation the deflections at F and 
2 ae, - 7.922 and 1.313 in., respectively, as computed from the parabola. . In the 


just the deflections be and 1. 5 i in n., 


the had made by fixing arbitrarily of 
moments, Mri, Ure fer Mac, and designing the structure accord- 


al 


bas 4 @ 235" = 940" Pe 


940"— P. 


< 


i< in this case at the top. Boe following outline gives the gist of the method i in 


2.- _ Wow STRESSES AND BY Srrvr 1 


s 


1.78 Ps = 
0:89 P. 
1.78 Ps + 0.89 P; 


+ 1.78 Pe 
| 


235 q 


| 


re 


sf 
sé 


Let Py and Po represent the vertical components of the stress in the 


¥ 


0,462 
0.925 Ps + 0.462 Pe 
0.462 Ps + 0.925 Pe 
0.462 
0.462 Py + 0.925 Pe 


1.022 Po“ 


of ‘Strut 1, as shown i in Fig. 14. The computations of stresses and 


trains were mat 
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4 
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: 
dia 
ais 
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0.519 0.89 Ps + 1.78 Pe 
— 235 | 452m | 


ti to strains, ait Act = strain in the post from C to T. om satel ie 


Aa X 


= 27 260000 000 — 50 481.000 A 


The Sellhewine equations | were derived from the geometry of a Williot 

d= = 4 E ‘Ate cosec 0 +E 2 An + 2 Aus) cot 6 
a Ed= 4 E Aq cosec O+ E (4 Au + 2 Aca + 2 An) cot 0....(37) 


From be—nrgge (36) and (37) Py and ‘Pe were expressed i % terms of Woe 


‘each 1, 2,3, 3, A, 9, ‘and 10; and one Moc 
eleven equations contained fourteen unknown quantities, dba $0, $y 
by by Pi, Yad, oer Yea, and Act. The quantities, y, for the strut ‘ 
were nat treated as unknowns; their magnitudes "were obtained from: 

¥ the Williot diagram drawn similar to to ‘Fig. 13 after the fi final revision in the 
design had been made. ‘Five of ‘these fourteen unknowns, ba Yeo 
and Act, appear equations. The remaining nine were eliminated 
ie from the eleven equations, leaving two equations containing the five un- e 
similar treatment was given to Strut 2 which is 888 in. ‘Then, 
third equation was written as = = Act — Aca ac. From these 
equations the vertical components: in the diagonals, Pa, and Py wero 
d in terms of Wae, and Met. Eight equations, ost 
- were written for the eight joints, one for Mea + Mae and one for Mae + “. 
These e equations, W with the two brought down from Strut 1, gave twelve ¢ ‘equa- 
iW » unknowns were eliminated , leaving three equations © 


tions from: which nine 
having the six x unknowns, dey dr, Woe, Wade, Yer, and Act. 


ee Strut 3 was | similarly treated, resulting in four equations having seven 
unknowns, and Act. ‘The analysis of Strut 4 gave 
equations with eight unknowns, pi, bk, ve, Vacs. Vitor Wits Wiks and 
aK: An equation ‘was now developed by equating two independent 
Ant = = Act cd Aas + Ser. Ave Agi +A ji +. Aw). , 
Vio and ad wore eliminated, 
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WILL LLIOT EQUATIONS 


equation the following unknowns: $i, $x, $0, $a Wik, Wkos Yoo, and 


date An equation in terms of di, dk, and was written from Mix + Mxi. 
- The lower portion was ‘treated in the same way as in the fourth approxima- 


tion, exce that I, as resse terms of and instead of as 
pt that Mii w expre ed in his Pky Wik tead Of as | 


known quantity. This introduced ‘two additional unknowns, di and 
to the equations for the lower portion, but the upper portion, in turn, sup-| 
sind the two additional equations: necessary for the solution, 


ee ‘assumptions ‘made in the a appro oximate solutions have been eliminated 
xcept that of identical elastic « curves for two posts. wo possible excep- 


tions: to this statement may be claimed. ‘4 One exception is | the assumption of 
: eae numerical terms i in Equations (7), (8), and (9) for the sum of the moments, 
Ms, in the ‘sixteen members and for the sum of the eccentric 
a -moments, Max. The error involved is the difference between the m: agnitudes | 
appearing in the equations and the magnitudes derived therefrom. 
For ‘example, in in the final, review of the problem, the magnitudes used in 
the equations were Ma = 665 000 000 in-Ib and M, 239 000 000 in-lb, 
as determined from the fourth approximation. When the review was com- 
fee pleted the magnitudes were found to be Max = + 663000000 in-lb and 
alle 285 000 000: ‘in- Ib. In any given set of computations, , Ma and Ms, 


4 


these, are combined w vith either My = =+ 9 707 000 000 in- ib in 
or. with Mz =. + 12 930 000 000 in- Tb i in Equation. (8), or. with» M, 
ora 14 874 000 000 in-Ib in Equation (9), * the errors are too. small for 


_, The other exception is the assumption that the post. bases are in complete 


against rotation, or 0. In order to ascertain the total possible 

range of moments, shears, and stresses, review was also. made | on the 

he ‘assumption that the base was s free to rotate by making Mu = — 0 and treating 

as an unknown quantity. The chief ‘differences in the these 

the moments in the ] posts and the in the “upper were 


o larger, and the stress in.the lower diagonals smaller, than for the free base. 


The transverse ‘deflection at the top was 11, 14 in. for. the fixed ‘assumption 


yeems unnecess or to draw. specific cor- 
clusions from this expository rather than argumentative monograph, further 
an to. emphasize the simplicity of the process: by. which the Williot -equa- 


tions facility of, their application, however, will vary 


“There is, of course, an the “Williot equations 

oe the | energy or elastic equations derived — from equating external to internal 


‘Sioa work. | When confronted with the analysis of : any statistically indeterminate 
structure, the analyst will solve the problem by the method with which he is 
Hirt the most familiar, whether it is the elastic, the deflection, or any other method, 
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a ‘solution obtained with ‘the of the Williot strain 
‘It may be that this method is known to . others, but duri 
academic and professional experience the writer has never encountered _ , 


presentation of it, and probably never would have discovered the method had 


‘not necessity given it bi birth. 

ou 
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ki- 
or the towers may be checked’ by equating internal and external Work 
a after the problem has been solved and the deflections are known; but the — 
- problem cannot be solved by this method except possibly by an almost endless — a 
| procession of “cut and try” guesses as to the displacements of all joints in | 2 3 
the structure; whereas by the method of expressing moments in terms of 
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_ WIND STRESS ANALYSIS SIMPLIFIED 


nature of the criticism ehh iis in nearly all the | discussions of this paper is 
‘appreciated. ‘The writer wishes particularly to. thank Messrs. Letherbury 
and Reese for their carefully prepared discussions showing the application 
al the simplified method to the analysis of practical building frames. He is _ 
highly ‘mindful of the labor ‘involved the preparation of these valuable 
Professor: Witmer’ discussion refers primarily to the determination of 


‘He states correctly t that this 


be no ted ‘that this is possible only when the fixed- end ‘column 
moments are obtained f from a preliminary estimate of deflections and approxi- — 


mate column stresses are known. we 4 nick 
Mr Timby requests the answers to several which the ‘writer 
attempted to ¢ answer the original paper. Of course, it is not true that 
- the preliminary location of - points of contraflexure at the mid- heights | of the © 
“columns, or the temporary assumption that the story is proportional 
to the story height, carries through the entire analysis and vitiates the final oe 
prt tions merely form m a starting point in the analysis. 
_ The simplified method is based on successive corrections, and the final — ries 
“Moments can be calculated to agree with a any 1y predetermined : standard of 


Perhaps it is unfortunate that the word, “ideal,” was used to describe abent 
theoretically ‘proportioned so as to deflect linearly. However, ‘no suggestion 


Was made that such a frame was desirable. In fact, its only purpose was to 


“help the reader bridge the g gap from the single- -story bent to the tall building ee A a . 
Nore.—The paper by L. E.  Grinter, Assoc, Am. Soe. C. E., was presented at the 
im meeting of the Structural Division, New Y., January 19, 1933, and published in q 
January, 1933, Proceedings. Discussion on this paper has appeared in Proceedings, as . 
A follows : April, 1933, by Messrs. Francis P. Witmer, Elmer K. Timby, N. A. Richards, 
. John B. Letherbury, Frederick Martin Weiss, and Raymond C. Reese; May, 1933, by 
_ Messrs. A. Floris, Robins Fleming, J. D. Gedo, H. V. Spurr, and Johannes Skytte ; ' and 
September, 1933, by John B. Wilbur, Assoc. M. Am. C. 
Prof., Structural Eng., Agri. and Mech. Coll. of Texas, College Station, Tex. 
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“the inte a comparison “of the ideal frame with a a ‘mechan- 

ical model in which he was particularly interested. ¢ 


_ The results of the analysis of this model by means of the —_ deformeter 
i Messrs. Coultas and Lawton were used by both Mr. Timby and Mr. ‘Wilbur | a 
in drawing certain: rather important conclusions. ‘This was particularly 


unfortunate since. it can be shown that. the Coultas and Lawton analysis of 
model bent is radically in error.’ 


and Slope deflec- | Simplified Simplified | Simplified | Simplified 
Lawton tion analysis method method method method 
(story loads | (story loads distributed (story loads ‘(distributed 
and average average | load and and varying load and 
(6) 
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The’ ‘Coultas Lawton bent was intended to Fepresent a practical 
building frame. 


and the girders are in “cross- pation near’ ‘the ‘columns. ‘Thus, 
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the is complicated by intra-panel change in cross- section as well as 
by the fact that the wind force is taken as distributed over the windward © 
column. An approximate analysis can readily be made by the » simplified | 
method by concentrating the loads at the. floor levels and by using average 


K-values to represent the stiffness factors of the members, 


| The true over factors the factors at the joints will 
more exact, “analysis. than would average values, the sotnal 
. factors should be used. ; Furthermore, the effect of the distributed loading in 
producing additional fixed-end moments in the windward column 
considered. € Such analyses were performed, ‘but are not included herein. 3 
is sufficient to state that a comparison of column moments determined by four “3 
such analyses with _ those determined by Messrs. Coultas and Lawton, are 
given in ‘Table 11 and show the latter to be so radically ‘different any 
- f the others that one can only conclude that they are entirely valueless, 
= - Since Mr. Timby’ s further observations and questions were based upon 
his study | of this incorrect deformeter - analysis, it seems | unnecessary to take 7 
further space for their consideration. Mr. Wilbur observed that the de- 
- formeter analysis must take incorrectly into account the effect of direct stress .. 
and ‘shearing deformation, but he was properly not convinced | that: this effect 
plus » the effect of the distributed load could account for the unusual results a 
_ shown ii in his Table 10. _ Table 11 shows the effect of load distribution =: 
of intra- panel change in cross- -section, and deflections measured on a model 
by Mr. M. P. Frank (formerly. Instructor in the Civil Engineering Department ; 
of ‘the Agricultural and Mechanical College | of Texas, College St Station, ‘Tex. be 
prove that the effect of direct stress and shearing deformations are not serious q 
for this particular bent. Lateral deflections | computed by different methods 4 
determined by Mr. Frank as shown in Fig. 18, in which Curve 5 
represents the deflections computed from final moments obtained by 
Simplified method, using distributed 1 loading and members with varying 
cross- -sections. The deflection curve computed from the moments obtained 
by the slope- po method is identical with Curve 3, Fig. 18, of estimated 


th In. regard to load distribution, the writer would like to emphasize the 4 
E point that actual wind loading is not. distributed en ntirely to the column. In 
fact, where the panel i is 20 ft wide by 12 ft high, , about two- thirds of the ‘total: 
wind pressure is concentrated at the floor levels by the spandrel beams, and, 
if the walls do not fit tightly against the columns, practically all the wind 


may be thus concentrated. Henee, the writer feels that the moments 


“of ‘Column (5), Table 11, ‘represent the most probable set of values. Mr, a 
Me Letherbury studied an interesting step-back frame by the simplified — 
method and by the Bowman method. ¥ ‘Despite the set- back, this is an ex- 
tremely” regular” frame, which accounts for the small error (20%) shown > 
by the statically determinate (Bowman) method. a No such agreement could 


be — where the variation of K-values corresponds toa a normally 
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Discussions 


ef lar frame. Mr. Letherbury makes a valechie suggestion in regard to the 


BF 


use of the writer’s method of « estimating deflections for the | study of tower 


Mr. Ws eiss emphasizes the time consumed by the wind- stress analysis of a 


ontains 6 200 wind- resisting members 1 in its entire ditiieis. The writer counts | 


bout 620 members i in a single bent, as shown i in Table 5, and, hence, he ei 
‘eludes es that there must be about such bents, In : a very regular building 


all ten” such bents may be practically identical, but it will be assumed that 


there are ten variations to be analyzed separately. wind- stress analysis” 
of a tall frame can be performed by the simplified method i in considerably less 


than. 10 min per member. The time consumed would be about 500 hr if ‘the 


frames” were | so irregular from top to bottom that statically determinate 
analysis could not be used ‘over any part of the frame. Is it ‘unreasonable 


to detail five men for: two or three weeks: to obtain such information’ Can 


not they be allowed two or tl three months, if necessary, in which to produce a 


frame truly proportioned to resist wind stresses in an economical manner? 


If the structural frame i is is not the engineer justified in 
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was designed to apply: o all toca cases. Fig. 13 is purported to show that 
the task of applying the simplified method to a structure such as the Irving 
Trust Company Building would become an impossible undertaking because 


of slowness of convergence of moments. The writer believes that Mr. W eiss 
confused ‘the simplified method and the general method of successive correc- 


tions, as adopted by Sub- Committee No. 31, Committee on Steel, of the — 
Construction Division, on ind- Bracing in. Steel Buildings, "because his 
er riticism would be applicable to the latter, but not to the former. To show. 7 
hat ‘the application of ‘the simplified -method to a frame with stiff 


n un adertaking 
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performed | 


completely, the 


its 
slender ‘girders found in Trust Company, Building. Deflee- 
tions are ‘estimated in Table 12 and moments are balanced in Fig. 20, An a 
Interesting characteristic is the development of negative moments at the top of 


lower-story columns, which, incidentally, necessitated ‘the introduction 
my 


moments, into However, the labor involved in the 


on 
3 
— 
— 
he writer has analyzed the frame shown in 
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TABLE 12. ror Estimating Story ror FRAME 
Havine StirF -CoLuMNs AND Girpers. Properties Given In Fis. 18. 
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column mo- 
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_CoLuMN 
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Incu-Pounps 


Total moment, 


, in kip-feet 


percentage 
in kip-feet 


ments 


Ke, in inches*® 
= Ky, in inches* 


Moment division, 


to 
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® Moment division where first floor girder is relatively slender. 
analysis is not particularly greater than “would be necessary for a a bent with 
* relatively stiff girders. A time allowance of 10 min in per member i is s ample. —— 
Reese contributed a valuable study comparing the simplified 


sntthod with several other methods i in its application to the analysis of a prac- 


tical 15- “story reinforced concrete frame. study w was pertionlarly 


as a time-saving 


of wind- stress ‘that is he remains faithful | 


the classical method of simultaneous equations. He errs in classing the Cross 
‘a _ method of balancing moments as fundamentally less accurate than the slope- 

a deflection method, and he is further mistaken in assuming that the simplified — 
= method is tedious in practical cases, as has been shown by several eee: | 


a : Contrary to Mr. Floris’ ’ viewpoint, the writer feels that the importance of the 


elementary procedure of t the needs further 


‘Mr. Geils is correct. in, emphasizing the importance of direct stress de- 
formations on the moments in a V ierendeel truss, although the writer made 


<4 no error in stating that direct stress deformations usually” are ne glected. 
ee The writer ‘made an exhaustive study of this problem several years ago™ and 


_ % Thesis to the Univ. of in partial fuldiiment the requirements 
the degree of Doctor of Philosophy in Engineering. — 
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Gedo 1 might have saved himself considerable Sine using ‘simplified 
ome ethod instead of the method of least work in solving | his example. The 
effect of direct stress deformation is easily introduced into the analysis by: 

__ Mr. Skytte offers several rather soldi formulas for * locating sil 
of contraflexure and for determining girder shears in connection with a 

deflection e estimate. w writer does not question the accuracy of such formu-— 

but wonders when t they would be useful. The simple method « of: estimating 

deflections as given in the original paper has proved to be quite satisfactory ; 

_ even rather s startingly 80. _ (See Figs. 18 and 21. ai | ‘In fact, the writer would 


suggest that the method be simplified by omitting the use of the r and n- 


nome 


= 


Units of Side Deflection 


-Tatios, except in irregular stories as shown in Table 12. No practical case 
to the writer in which greater precision would be neecssary. he 
me Mr. Richards is disturbed about the time consumed by the trial- -and- error 
_ method for the design of a building { frame. He ‘Suggests that in structural 


a nembers, such as beams or ‘columns, one . proceeds directly to the selection of 
size and asks for a similar direct procedure for tall building design. — The 
writer believes that this | is equivalent. to . asking for the moon. A building 


frame i is an indeterminate structure in which the ‘moments are controlled | by 


One must “have” a building before he can analyze it. ae 
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ae There is a possible an answer to Mr. ‘Richard’ s question; namely, a building 
{ | might be proportioned to justify the assumptions of a statically determinate © 
— method of analysis; then the true wind ‘moments would be a as assumed and — 
, [| the design would be completed in a single operation. The only difficulty here 
_ | is that “the tail is wagging the dog.” A method of analysis is set up on a 
7 ‘pedestal, and the more important preenton. of design is relegated to the _ 
1 | background. . The designer can study economical proportions only through 
a limited ‘range and a truly economical 3 is seldom possible. Tt 
surely wasteful always to force points of contraflexure to the centers of 


and to to ‘suggest 1 to the ‘structure which members ‘shall 


There seems to fetishiem to this ideal but ‘the 


writer doubts” that it will survive or ‘even that, it can be strictly applied to. 


Like most extremely practical | Mr. Spurr frequently. 


_ countered | difficulties. produced by structural details that he may perhaps tend 


to under- -emphasize the usefulness of | at theoretical tool of analysis just as a 

professor may tend to over- r-emphasize its importance. hen. one is 

faced with the daily realization that angles, split beams, and ‘knee- 

must be used more or less indiscriminately, and that all are aie -_ 

umed to produce rigid connections when the structure is analyzed (which, 


of course, is not true) the ass sumption of points of contraflexure at the mid- . 4 


wee 


height of ‘columns takes on a less serious aspect. Howev ever, despite these 
‘disturbing factors, the writer prefers to place his faith in a method of 
sis that takes elastic deflections into account. ont 

Mr. Spurr errs in stating that the - author has not established a method of 
‘ial for the effect of column deformations. The matter receives full atten- 


the heading, “E ffect of Column Deformation, The 


Fleming supports, at le least partly, the writer’s contention 


method of successive corrections, of “which the simplified method is one 


is, “feasible” for application to practical tall building design 
the slope-deflection method and the other classical methods ag ell 


reasonable use. The writer considers this particularly significant, 


Mr. F leming’ s statically determinate methods are those that careless designers a 


are likely to try to use on irregular structures, whereas Mr. Fleming him- 
states that irregular structures “should receive special study.” 
‘i The six- story bent analyzed by M. S. Ketchum, M. Am. ‘Soe. C. E., is 
- mentioned by Mr. ‘Fleming® as showing a a variation of criterion ratios i 
45 to 50% when analyzed by, the simple method of balancing K -values. Hi His" 

"statement is correct, but perhaps misleading to some readers, No different 


-Tesult” could be be expected. The balancing of K- values is based on the assump: 


tion of straight- line (or gradually curved) deflection diagram, The 


Ketchum bent _shows a 1 variation of 20 te the total 
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the first and sixth stories, while the K -values of the ‘columns, are scarcely 


doubled and the girders are unchanged. A tall building, on the other hand, 
shows a corresponding increase in K- values and story moments from top to 


were 


bottom. The tall building will commonly approach a straight- line deflection 
one while that for the Ketchum bent will be roughly parabolic. = ud} ar 
_ The curves of Fig. 21 are deflection diagrams for the Ketchum bent. ‘The 


two similar curves (B and Cc) represent ‘the deflection of the : six-story | bent as as | 
4 estimated by the writer’ method and as’ calculated ‘from: the Ketchum ‘ 


moments. The agreement between these curves shows: that the moments 
a obtained by the simplified method (based on the estimated deflections) would 
- the Ketchum moments closely. The third curve (A) approaches a 
straight: line and is the estimated deflection diagram for the lower six stories 
Professor _Ketchum’s- bent if it is extended upward to” form a 16 tory 
_ building. Note that for this practical ¢ case the deflection « curve does approach 
straight line and the moments | ‘could be: obtained within range of error” 
of 10% by following the procedure of balancing K- values, ‘as illustrated fo 
the American Insurance Union Building, in Fig. 5. Correction moments 
would be required in the lower story, only. Incidentally, it seems that the 


coding correction moments ‘made little impression on the dis 


_ eussers. Experience will show that this is one of the most valuable tools of 


It seems significa n nt ‘that -members of the profession, of whom 


tainly lead to improvement in a of tall il building des design. 
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CONVERGIN G APPROXIMATIONS 


° 


S. Gormay, ™ Assoc. M. Soc. C. ‘by letter)"* author 
_ states that in wind load distribution “it is usual to. assume that the frame 
carries the entire load. nll This may be entirely unjustified by the conditions 


in many instances. In fact, in some cases on which the writer was associated, 


er walls were : so rigid | as to carry: ‘more than 90% of the lateral loading © 
eat very slight amounts for the individual bents in the frame. This is 
i a condition which many engineers are prone to ignore, and results in ‘needless 7 
waste: of material and labor. While it may be considered as an additional 


- factor of safety to carr 


carry the entire loading on the frame, this waste 
of the client’s money, for which he derives no material benefit. ‘Furthermore, © 
is one justified i in using: a refined, accurate method of analysis when the frame 7 
loading is so ‘small a ‘percentage of the whole, or ‘when the distribution a 


the individual bents is uncertain? There” numerous occasions . when 

so-called accurate method is warranted, but the designing engineer must use > 

Mr. ‘Goldberg has referred to a ‘composite bent in treating the distribu- 
tion of loading among ‘the, parts of the frame. This i is an extremely ‘delicate. 7 


and important process, and, in ‘the writer’s: opinion, been too lightly 
touched upon. ‘The frame of a building, consisting of a number of individual — 
-bents, is ‘often. unsymmetrical about the center line of the building; that 
the individual bents ¢ are dissimilar, or the walls are rarely of equal rigidities. 
How often are the parallel ‘walls on “opposite sides alike? These conditions 


Foye in the center of gravity of the loading not coinciding with the center ae 


of gravity of the resisting elements, thereby tending to twist the structure — 
about a vertical axis. This torsion should be provided for but often it is a 


Amt 


not. oe very ‘common case is the building on a corner lot, built adjacent to 


Norr.—The paper by John FE. Goldberg, Jun. Am. Soc. C. was published in May, 
e 1983, Proceedings. Discussion on this paper has = in Proceedings, as follows: 
August, 1938, by Messrs. G. A. Maney and L. E. Grinter. 


"Cons. Structural Engr., San Francisco, Calif. cit 
Received by the Secretary December 2, 368 
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other very ‘rigid rear walls without openings ‘therein and 
a the street-front walls containing numerous openings. __ 
The California earthquake of 1906 made apparent Pciiaancume: 
necessity for more consideration and accuracy than had hitherto existed 
for ‘determining and providing for lateral deflections, distortions, and stresses _ 
- in the design of structures. , While the fundamental principles for ‘such 
‘4 Bar sageanhins understood implicitly, the labor and time required in 
making the necessary computations by the methods of analyses which were 
then available, made them ‘impracticable. Many engineers devoted a preat 
g amount of time and study in an effort to simplify ¢ such computations | so — 
they would be rapid and accurate, but generally without practical success. 
me The contributions: of Messrs . Hardy Cross, Wilson and Maney, Nishkian, 
Grinter, Morris, Goldberg, and many others, that have appeared in ‘recent 
publications have a value to the structural « engineer greater than i is . generally 
In California the necessity of providing ie lateral forces is | accentuated 
seismic conditions, and shocks which have occurred subsequent that» 


of 1906 have emphasized this fact. They have been the cause of. great 


increases in earthquake insurance rates on structures and shave prompted 


financial interests which Joan money for building purposes to demand earth- : 

quake insurance as a part of their consideration for loans. ‘Several of the 

latter have withdrawn ‘such demands where it could be shown’ that prope 


and competent attention had been given to lateral forces in the design and 


eens 
the building had been constructed under adequate inspection and supervision. 


= Mr. Goldberg’s “Paper seems t to be another adaptation « of the slope- deflec- 


method very similar to that developed in July, in the Bureau of 

Building Inspection, City of San Francisco, by S. M. Cotten, M. Am. ‘Soe. 
E., under the direction of John B. Leonard, M. Am. Soe. E. - hese 

Papers are as accurate as ‘the slope- deflection method and produce ‘identic al 


results therewith | the converging : angular rotations are bal: anced a suffi- 


“number of times. Of course, the author’ paper is subject to the same 
prima , fun damental assumptions as the slope pe-deflection method, and its 


—accura cy must be gauged by the correctness of these assumptions, — ‘Mr. told- 
gett 
berg’s paper is similar in principle to the method of | Hardy | Cross, M. Am. 


Soe. Cc. entitled “Analysis of C Continuous Frames | by Distributing Fixed- 


nd “Moments,” * except that instead of balancing moments it balances the 


angles of rotation of the joints of a frame and ‘the deflections thereof, eom- 


puting the > final moments a after these are balanced. 

This paper may be equally adaptable to or horizontal Joading, to 

symmetrical or “unsymmetrical loading | or fram ling, t to individual bents or to 


number of bents. comprising a structure, and to rotation. of or transla-_ 
aie tion of the joints of the bent. ‘The simplicity, rapidity, and. accuracy, which 


may be obtained in. analy yzing a frame is indeed surprising when one becomes 
= with these operations. — In an individual bent one must determine an 


Transactions, Am. Soe C. E., Vol. 96 (1932), p. 1. wat silt q 
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ea set off, wabune of the angles of rotation of the joints and their corre- 
gponding. deflections. Balancing is then commenced and the number of 
repetitions required is’ dependent upon the accuracy obtained i in ‘the initial 


assumed angles and deflections. _ One can readily n note that a poor selection 7 


of these initial values will result in a waste of time; so it behooves one to - 
ste start with a value as as close to. the final value as it is possible to predetern a 
oe loads carried by any one bent may be ‘apportioned so that the part. 
of the total load at any floor line of the structure will be in inverse propor- — 
tion to. the deflections at that point in. the several bents and walls, if each 
these bents is considered independent and identically loaded. 
7 is based upon 1 the assumption that the floor acts as a rigid diaphragm . Tt is 
— that unless the relative rigidity of the several bents and walls 1 is con- 

- stant for their entire height the ratio of the deflections: will vary y from floor _ 
Fai o floor, and the part ae the total load at any y floor line, , carried by each of the 
+ In. carrying through the balancing « of the parts of ‘the frame, only. the 
relative values: of rigidities, angles, and deflections are ‘material; hence for 
_ brevity and expediency ¢ one may eliminate all constants , if one 80 desires, 
his | computations until the parts are finally balanced. These 
One of the advantages of this method is that, within reasonable limite, 
errors in computations may creep in which will not "prevent , obtaining the 
correct solution, but will merely postpone its ultimate attainment. Further- 
more, if a change in an angle or a member is necessary, a study will show 
3 that the influence in most cases diminishes very rapidly as the angles con- 
sidered become more remote from each other. One soon learns | in ‘such a 
case, that it is sufficient to consider, only that part of the structure and loads — zee 
which h have a material in influence on ‘the: angle or group considered. 
Another advantage i is that the angles and deflections corresponding to the 


several elements: of a combined loading may be combined algebraically, a 


} 
that the moments derived from this summation will be those due to the 


combined loading. In treating the frame for vertical loading only, initial | 
~ values of all the angles may be assumed as zero and the balancing proceeded 
with, obtaining results without excessive. expenditures oftime = 


A great time-saver was presented in the method of the San Francisco 


cs Bureau, previously mentioned, which would improve the method presented 


by Mr. Goldberg very - materially, namely, an “equivalent symmetrical bent” 
q one span for use while analyzing any number of spans in an ‘irregular 
bent. single- span symmetrical bent is considered to represent tempo- 
the a ctual bent a as” s to ‘number of stories, story heights, 2 and total 
distributed rigidities. Due to its symmetry only one column and only one 
: joint at each floor line need be considered. - The: 3K of the columns | of he 
SS bent equals 1 the 3K of the columns of the actual bent at any story, 


on the K- value of the girder of the rer bent equals thi equi of _ 
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“ties of the actual ‘bent, having which the the latter is greatly 
expedited. This consists ‘briefly in balancing the angles of the equivalent 


bent, obtaining the ‘moments in the of the | girders and, with 


“commenced. By s successive e approximations any of can 
obtained by carrying the balancing to the extent desired. 
__ During the years 1930 to 1933, inclusive, the method of the San 4 


- Bureau has been used by | a number of engineers in the making and checking 
of of ‘structures, while the San Francisco ‘Bureau has “made 


Al, 


approximations apparently has n ‘no dheoretical it should 
not be advocated that it be applied to all possible problems of the rigid frame. 
Most of the accepted methods of analysis, whether analytical or. ‘graphical, 
have some particular field of usefulness in which they excel, and the choice 
_ of method best adapted to the particular deena at hand is is one of the ‘major 
Progress” is only attained through attempts to better the 
. available for « one’s 8 work. | The present paper and 1 many others crystallize the 
thought 

Froris,* Eso. (by letter)"*.. —In this clearly written paper the author 
analyzes the wind. multiple-s story “frames. by means of formulas" 


a 4 The difficulties that arise in analyzing statically indeterminate structures 
due mainly to the necessity of solving the simultaneous elastic ¢ equations 
by y the 1 tedious process of successive elimination of the unknowns. . From the 
"practical point of view, of course, , this is a serious handicap. 
order to overcome this. difficulty ‘methods have been. developed which 
are comparatively simple. « Instead of using approximate formulas which by 
‘ repeated corrections can be made to approach the exact values, as the author 
2 in his analysis, it is more convenient to arrange the exact slope deflec- 
_ tion equations in such a way that they can be solved quickly by the principle 
iteration (see, for example, the excellent method introduced | by Professor 
= —G. Unold i in which the story equations are combined with the joint equations 


the frame so that their number i is reduced considerably"). 


ae: 


instructive. deserves the ‘careful study of those. interested i in the. stress 


| 


Engr., Los Angeles, Calif. Saad 
Received by the Secretary November 6, 1933. 


praktische Berechnung der Stahlekelettrahmen, Georg Unold, 1933. 
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— oS Due to the parallelism of the two methods, these facts would indicate the © 
practical value of Mr. Goldberg’s paper: in providing a simple, rapid, and 
Bisa a. accurate method of analysis for the practicing structural engineer. i 
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EARTHS AND FOUNDATIONS 


REPORT OF SPECIAL COMMITTEE 


_ By FREDERIC R. HARRIS, M. AM. Soc. C. E. 


REDERIC R. Harris, Am. Soc. C. E. (by letter)"™*.—It is highly en- 


‘couraging to engineers to note that progress is being made i in the complicated _ 
st ubject of earths and foundations. These problems have been attacked i. 
some of the ablest minds of the Engineering Profession, but on the whole the 


progress has been unsatisfactory as compared to engineering ‘advances in 


Several factors contribute to this situation, among them the following: 
(1) Lack of publicity of the « experiences encountered ; (2) lack of appreciation | 
the importance of the problem among engineers, architects, and owners; 


(3) insufficient explanatory information; (4) bearing values assigned | by 


the design and construction of more determinate structures, 


= building codes; and (5) the old method an easy and direct one. ines 


Lack of Publicity of Experiences Encountered — —As ‘pointed out 
ie report this is a serious situation, and the ‘reluctance to release informa- _ 


3 ™ is not chargeable to engineers so much as it is to owners and others. __ 


_ Unfortunately, engineers are retained by owners ‘or r by : agents of the own- 


en, such as architects, and frequently foundation difficulties and the prob- 
lems involved only come to the e engineer’s. attention when the danger signals 


are are flying and when settlements, cracks, and ‘distortions threaten calamity. 
Then, of course, the owner and the architect are not anxious (even though | 


«the te trouble is corrected and the structure saved) to advertise their ‘troubles 


or to expose mistakes. . One of these occurred about 1926; the structure, a v 
large one involving several million dollars, before completion, ‘started settle- 


 Nors.— 
Was presented at the Annual Meeting, New York, N. Y., January 18, 1933, Bi published = 
- May, 1933, Proceedings. Discussion on this report has appeared in Proceedings, a 
Ss follows: August, 1933, by Messrs. L. C. Wilcoxen, H. de B. Parsons, William P. Kimball, Pa 
and T. A. Middlebrooks September, 1933, by Messrs. Daniel E. Moran, 
a Cummings; October, 1933, by Messrs. Edwin J. Beugler, Jacob Feld, George D Cme- | 
a and Charles Terzaghi; November, 1933, by Messrs. John H. Griffith, Harry E. Sawtell, 
* and O. K, Froehlich ; and December, 1933, by N. J. Durant, Assoc. M. ‘Am. Soc. C. E. a 
7 Rear-Admiral, U. S. N. (Retired); Cons. Engr. (Frederic Harris, Inc. New 
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ae 7 Fy ments, which finally exceeded 1 in. per month at the center of the foundation. — 
a a was only part of a general plan of improvement of wide extent and its 


on failure would have been ; a calamity to important interests, and to the name 


and standing of a prominent firm of architects. 
Hasty subsoil examinations were made, which revealed thick blankets of 
4 
deep strata of clays and mud. _ ‘The structure was saved by an 1 unusual and 

heretofore untried method of pre-compression and | a reduction of the liquid 
contents (voids- ratio) of the yielding soils. A year or so. after the satis-_ 
Der factory completion of this, work, | when the structure was in use, the writer 
wished to inform the tngineering Profession of | this experience. The 
$< finally consented to such publica ation, but the architects objected. _ The writer 
-') (2) Lack of Appreciation of Importance of the Problem.—In some a 
engineers and architects (at considerable time and expense), will use great 
s refinements i in the , computation of the s stresses in the superstructure, and will 
go to considerable trouble in studies ‘and investigation in ‘order to secure an 
“ economical 1 design ; then they will es the entire project by locating it 


o 


a 


(38) Insufficient —It is well known that i in many 


cases, little attention is given to this phase of the work. — Ignorance, pressure, 


for speed, comparison with structures not ‘similar to the one on hand, and 
unwillingn ness the part of the « owners or architects to ‘spend the necessary 
_ money, are all factors that prevent the securing of proper data on which to 
judgment. an ‘illustration, in the special example cited under 
‘Factor the hurried and uncertain: work required to. ‘save the structure 


cost more than $250 000. “Proper preliminary exploratory work with ‘necessary 


— 


is one ‘that to Tull some ‘engineers into a sense of security so 


take chances they would avoid except for these ‘rulings. 


a) Old Method Easy and Direct. -Naturally, it i is much to ask even the 


Engineering Profession to abandon an easy method and to substitute in its: 
place a more complicated and expensive (first cost) system of analysis, 


; especially when the latter is at times not clearly understood or when. it is 
‘Rot subject to exact determination. 


aed In spite of the “unscientific procedure followed, and because in most cases 


vi - the results have not been disa: astrous, the problem has not received the atten- 
tion it deserves. Therefore, it ‘is gratifying to note that it is being 


thoroughly and treated on a ‘scientific basin and enpecially | that it appears 


‘of some engineers who have actually them in 10 
‘ i not found time or opportunity, or have been otherwise hampered in givin g 
4 


the necessary publicity, to their ideas and experiences. Such opportunities: 
ers: being offered through the work of Professor Terzaghi, the Special 


Committee o on Earths and Foundations, and others. la ed 
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Before Boussinesq’s formula was” given the which through 
Professor T erzaghi’s work now enjoys s, the writer used t system of 
superimposition to express the greater ‘intensity “of pressure induced immedi- _ 
ately under the load, and the angle of spread | used was 60° with the hori- _ 
zontal.” — This angle suggested itself as a reouls : of a series of tests conducted aan 
in 1912 at the Brooklyn’ Navy Yard in connection with the construction of 7 - * 
, ‘Dry Dock No. 4. In these tests layers of different colored, sands were placed 
ina box with one of the sides of glass; model footings made of wood were 
aa and the dishing action resulting in n the layers was noted. ar Further- 
| more, the line of fracture of the soil under the footing (approximately 60° to 


the horizontal and beginning at ‘the edge of the foatings) was observed. iain 
In these same tests, the model footings were pulled up to note the effect 


of an uplifting force on the structure and the extent to which the footing ," 5 


affected the soil surrounding it. - Although not conclusive, nevertheless evi- 


ence exists of certain similarity. between the actual results what is 
xpected of Boussinesq’s formula. The sand used in the experiment was 


These tests were made for purposes of. ready visual eluc idation | of load 


hes 
istibution, but at the : same time tests were also made with models to a 


cale of 10, settlement, ‘uplift, and other features being recorded. In this 
connection, it would be well if the Committee, when applying Boussinesq’ s 


formula toa practical problem, would explain the maximum angle, @ (Fig. 2), 


used in obtaining in increments of pz ona given point, from various adjacent 
» P. It is believed that, for prac tics al purposes, 30° ’ will serve the pur- 
"pose, and, i in fact, has bee en used by the’ w riter on a recent 
work done by 1 various investigators: on the nature of clay and its 
under load also indicates a distinct step forward, even if ‘the first” 
impressions may have to be altered in the light of further development. The 
impor tanee of ascertaining soil characteristics, impressed the writer 
ye ars ago, pl he and “so many engineers at that time were. dissatisfied with 
the information, available from wash borings. It was very apparent then | that 
it was highly desirable. to secure. soil samples as nearly as possible in their 
natural state and arrangement, 80 that these might | be, not only subjected to | 
also that they might be available for testing. 


$s a uniform character, and no attempt w as | made to determine the effect of 


| & In 1916, in preparation for the design and | construction of dry dock 


vr 
_ Philadelphia, Pa. , and Norfolk, Va., the writer ‘made a contract for explora- ies 
special core | barrel designed to secure undisturbed 


| 

| 
| — 

— 
| 

— 
| 

‘ 

— 

4 

— 

— 
q — 
Zz 
— 
— 
| — 
Dock in 1913, the writer attempted to secure subsoil samples by core 
7 _ borings. . Although the only available rig was not. entirely successful, cores 
ere obtained. by driving a pipe ahead of the casing. These samples were 
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‘such as and silt, ‘the writer in 1926, secured ‘samples of | 
- sub-soil beneath the large structure referred to under Factor (1), by means of a 
Ai -in. coring apparatus. Samples were examined carefully, including compres- 
sion tests in the laboratories of the University of Hawaii. From the resultant 
og data an attempt was made to ascertain the probable total future settlement 
=; of the structure, as well as the extent to which the subsoil had. | to be. pre- al 


ao (required in the method used to save the structure). At. that | wool 


neither the. facilities nor theories were well enough pr and 


developed classify the material the modern way; nevertheless, 


In determining the consolidation of soils, the writer (as well as other 
. ‘eee: has wees the theory that soil particles, no matter how fine, are sep- 
the ground- ‘water in which they are 


a over-burden of soils s above t a and artificial w weights, such as build- 


“a i ings (or. for both reasons), a “pressure or load is brought: on the particles 
that tends to press the films out. - This consolidation to the point of mechani- 
cal contact of soil particles is “resisted by the e capillary _ tension: of ‘the fluid — 


+ film, to the point where the pressure is in excess of such resistance. _ When 


flow starts and consolidation begins, the flow is resisted, of course, by the 


fluid friction. — A great part of this resistance is also that required in over- 
coming ‘the capillary tension of the fluid between ‘surrounding and ‘more 


remote soil particles because the water must find its” either to come to 
the surface or to raise the ground-water level. Very: rapid and continued 


vibration has a definite effect on the resistance due to the capillary tension. 
A box filled with soil, ‘saturated with water (but where ‘the water does not 4 


appear on the surface), if subjected to continual jarring or vibration, = . 
sire 
soon. show evidence of surface saturation, and, finally, water appears on the 
or, ‘a more familiar illustration is: A truck, loaded with very fine 


tall 


= some clay, _which looks but on the 


= In the ‘remoulding of change that place could be explained 
by the breaking 1 up | of the equilibrium in the capillary tension because’ of the 
3 re- arrangement of the particles from the position into which they. had a 


forced pressure of the over-burden. ‘This produces another re- rarrange- 


may Shean. apart again so that. when “pressure is once 
under load, ‘they will again be forced closer together, ‘producing a 


In view of the made- in concrete with vibrators: it 


= 


+ 


po. 
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4 A qa wigs 740 ¥ 102 Tra 
may he: obtained by vibrating the sample and finding 
period of vibration, all: with the v view finding a possible relation between 


. produced by an earthquake » disturbance of the soil which would tend to dis- 

rupt the equilibrium incident to the capillary tension. Of course, no relation 
' may exist between the period of vibration and the consolidation of the soil, 


but it is hoped that the suggestion may appeal to experimenters or others 
in position to investigate » such a relation and that a few experiments | may be 
tried to determine the merits of the question. The investigations 
pressure distribution on and the behavior of clay under load are in the stage 
of development and, in order to progress, it is Lepaneaneys that the theories be 


Recently, the writer a soil borings disclosed to | be 


: : rather complex: and offering the possibilities for several types of foundations 

| that ‘could be used. The ordinary wash borings with dry sample core dis- 

two layers” of. which were variously interpreted as soft, plastic, 

hard, and compact. ‘The conditions appeared ideal, however, for the applica- 
7 - tion of the latest theories on soil mechanics to determine the ‘most suitable 

type of foundation. Consequently, three 6 -in. borings: were made, 


‘securing undisturbed samples of clay from an analysis, of which compressi- 
intensities of ‘on the various strata of clay were computed 
with the aid of Boussinesq’s formula and lines of equal intensities of pressure 
for different types” of foundations drawn. In addition, the probable an 
4 settlement. and the settlement after ‘the period of construction were 

| termined with the aid of the compressibility curves, and lines of equal prob- : 
were drawn. On ‘the basis” of these studies, type of 
foundation was decided upon which will not have been considered adequate, 
or, at best, , would have b been considered hazardous without the investigations, 
and which affected a ‘saving in the structure of about $100 000, besides hav- 
, This is the first cas case, to the writer’ s knowledge, in which the modern — 
a of soil mechanics has been | applied to determine the ‘proper and 


ae 


_ economical type of foundation, and. which has resulted in a re- arrangement 


the superstructure to ‘provide for probable settlements. Fare 
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‘STABILITY OF STRAIGHT. CONCRETE 


AGE 
ty "JORGENSEN, AND I. M. 


M. Am. Soc. C. E. (by letter)™*.— 
_ sented paper deals with a subject that is very important to the designers “y 


high, solid, gravity dams. Included in Table 8 is a mathematical demonstra-_ 
7 tion of the fact, frequently expounded by the writer,” that the factor of safety 
against sliding is much less for high dams than for low ones. 
ee This feature is more impressive when shown diagrammatically. — aot In Fig. 9, ; 
the writer has plotted the relation of friction and shear to the factor of — 


ol 

miss bes 
36 


= 


Friction 


‘Fie FACTOR OF SaFery 


ie applied to Co Column (3) in 


y seven 
the safety of a 100-ft as that of a 700-ft dam. © 


aa The paper by D. C. Henny, M. Am. Soc. C. E., was published in September, 

1933, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: | 
‘Seeeomahen. 1933, by H. de B. Parsons, M. Am. Soc. C. E.; and December, 1933, by _— 

A. A. Eremin and Calvin V. Davis. 


Chf. Engr., The Power Corporation of New York, pie, ‘N. 
21¢ Received by the Secretary November 15, 1933. 
™ Am, Soe. C. Vol. 95 (1981), Pp. 197. 
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7 The factors of safety, Q, in Table 8 are tentative ntiteadcensialiitis of 
additional | research.” In the writer's: opinion they are too ‘great unless certain 
"precautions are taken. Mr. Henny finds that experiments indicate a value 7 
Ib ‘per sq_ in. for shear. This: he has reduced tentatively to 400 Ib 


= in. on account of uneven shear distribution which he uses in his 
e. The value of 400 per sq in. be for 


or rock foundations v will impair, greatly, the adhesion and ‘shearing strength. . 


As on an example, Joseph Wright, Am. Soe. | found ‘that only 4% 
is the area of the base of a large pier had bonded with the ane nn on 
which it was carefully placed. eatin 

Thus, it is obvious that shear cannot be relied upon ‘all, 


in neluding those at the rock surface, are properly keyed and the sectional area 


of keys alone a are considered as resisting shear. the most efficient key 
> 50% of the joint 
effective area of 


ment reduces, greatly, the of f safety, ‘in Table 8 resulting in 


— 1.02 for a 700-ft dam, as compared with 4.24 and 7.51 for a 200 and a 
oft dam, respectively, in the case of heel loading equal | to 0.44 H. ie 


If. one could be : sure of the 400 Ib. per sq in, adopted as the shearing \ value 
solid -conerete blocks, these factors of s afety would be sufficient, even ol 


a 700- ft dam. In this case simply roughening the foundation (if not already 


provided by Nature), and also the joints in the concrete, should be ample — 


4 for very low dams. Medium high dams up to, say, 200 ft, should be ed 
A 


with exceedingly rough or keyed foundations ‘bonding stones in the 

— joints. “Above that height, keys i in both the foundation and concrete _ Be 
joints should be provided. Dams: of greater height those already b built 

EP lead into unexplored territory, and their design should be approached with» a 

caution, based | on more adequate | shear experiments. 


is interesting to note, although “not the subject « of this ‘paper, that the 


factor | of safety against overturning, to be as great a as that provided i in 7 
other structures, must rely upon tension, and that additional factor of 
safety” provided | by tension is reduced, for high dams, in much the same — 

the criteria for. the uplift force, Mr. Henny A unit uplift 

pressure evenly distributed from full head- water pressure at the heel to zero” 
(no tail- -water) pressure at t the toe; and (2) an uplift. force equal to the 

bi _ product of the unit uplift pre pressure and the area ¢ of voids in a given section. i car? 
The first criterion | is safe enough provided care is taken to make the dam 


Tess pervious at the heel than at the toe. As for ‘the second criterion, experi- 
ments indicate a void volume of about 10 ¢ or 12% when subjected to absorption k 

, tests. However, t the void area in any section 1 may greatly exceed the void» 

volume. Moreover, the. absorption tests would not indicate voids that would 


be Repetrated under high pressure. Therefore, the author’s use of 25 25 to 40% 
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for area is inadequacy of his ‘ ‘small 
dams” tests on which h it is based. The small ¢ dams might have adhered to the 


“Tock ‘sufficiently to prevent “progressive increase of percolation or uplift 
pressure” even if the voids exceeded the percentage assumed. 


Defects in in the such as s horizontal s, are the 


horizontal seam in the foundation was | not “adequate, but resistance was s pro- 


— by the horizontal-c column action m of the ne layer’ of rock between the dam 


the seam which extended a considerable distance down s stream. When 
this « column was cut through by the scouring overflow, the dam slid on the 
seam. The required resistance (“toehold”) provided by» ‘the rock down stream 
from the dam, varies” as the total water pressure or as the square of the 


height of the dam » itd In other - words, the { thickness of the layer between the dam 
and the seam tte determined the horizontal crushing of weed 


iar in, the of will welcome paper on 
the stability of straight concrete gravity dams even if they may not feel 
fully inclined | to adopt the shearing strength as the principal basis for the 


_ factor of safety of such structures. _ The writer has found that many design 


car 


coefficient as ‘giving the minimum to sliding on horizontal 
particularly at the foundation. — The ultimate shearing value used, however, 


Chf, Engr. and Gen. Mgr., East Bay Municipal Utility Dist., Oakland, Calif. 
¢ eal 24¢ Received by the Secretary November 29,1933. daid sabes bol i 


: “Tests of Concrete: I, Shear ; Tl, Bond,” — No. 8, Eng. Experiment reread 


— 


is the unloaded shearing strength of the foundation or dam material, taken . 
50%, or less, of the 28- ‘day compressive strength with an appropriate 
factor of safety and applied uniformly. from heel to ‘toe over the horizontal 4 
section under consideration. - The use of 50% i is warranted by experiments mi, 
made by Arthur: N. Talbot, ‘Past- President and Hon. M. Ar m. Soc. 0. 

ik In the ordinary gravity dam the vertical loading due to the weight of the a. 
e dam and to the water pressure, and, consequently, the shearing strength, 7 
be assumed to vary uniformly from a small amount at the heel to a a 
a maximum at the toe when the reservoir is full vice versa when ‘it is 
empty, with intermediate conditions of loading for intermediate stages of 
water levels. For reason the minimum shearing strength should be 
= Equation (8) may be written (using tis and 

3 


= 


— 
— 

a 
Bh 
Tay 
7 
q 
— 
1t 18 determined by the weight of the layer, 1t must be forty-nine times as 
heavy for a 700-ft dam as fora 100-ftdam.  §§ 
— 
a 
7 ay 
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is the depth of water on the 1 up- -stream of the 


e | and c is the combined coefficient of uplift area and pressure intensity at 1 the 
+ oF ‘a. 7 Inspection of Equation (17) shows that the total shearing strength ‘on 7 
. = horizontal : ‘section increases as the value of h decreases and that, therefore, 
t he total shearing» ‘resistance along any | section is a minimum 
d for full reservoir for a a specific coefficient « of uplift. | It also shows that the | 
7 : total shearing strength is a minimum for a value of unity for ¢; that is, for 
n a maximum uplift force. a The total shearing resistance therefore, should be 
7 7 based on full reservoir pressure and the maximum probable value of c. For full 
h = H, and Equation (17) may be written, 
Fore = = 0.5 x 04 = = 0.2 2 and a = 2.4, as suggested by - the author, it will be 
- seen that the last term of Equation (18) is decreased only about 8% by the | 


~ consideration of uplift, in the shearing strength and, since this term is sa 


relatively smal] part of the entire right ‘member of the equation for ordinary 

1. working pressures, the effect of uplift on the total shearing strength i is rela- 

tively” small. This is specifically true because of the existing uncertainty 


: as to the unloaded shearing value of concrete as determined by tests. Tests 


el 
a : by Professor Talbot® show : A mean of 820 Ib per sq sq in., , with a variation from 
_- Cookie to ) minimum of 289 Ib for plain plates ; a mean for recessed blocks - 


932 = with a a variation of 343 3 lb; a mean for reinforced recessed 


1476 lb, with a variation of 504 Ib; and mean for restrained 
beams 1 167 Ib, with a variation of 293 


g ‘The minimum unit. shearing | strength in any horizontal ‘section for) ite 


voir full is at the heel where the ‘net unit pressure on the foundation is nearly - 


me “zero. If the e weight « of concrete and the uplift force and its s distribution a are af 
“assumed to be. fully known, the theoretically perfect design of the author’s 


triangular dam would make the foundation pressure at the heel exactly zero. 7 _ 
Ina any good design it would not be much in excess of this value. In such a - 
d minimum unit shearing strength of hb horizontal ‘section would 
is be at the heel for ‘reservoir full and would be represented by the unloaded — 
unit shearing strength of the concrete. If ‘shearing rupture | occurred at this 
| point, progressive increases would oceur across the entire horizontal 
ection and failure would result. For this reason the | writer uses 250 Ib. per 
in.” for unit horizontal working shearing strength, this 
about 25% of the ultimate unloaded sheari ing strength of 1:3:6 concrete.* uo 
The ‘author has accumulated data on uplift pressure that quite help- 
d ful. f; His assumption of 0.5. H is commendable for reasonably good rock 


foundations and concrete. ‘For gravel often encountered in the 


onl construction of diversion dams the uplift pressure may approach unity, par- 
17) ticularly _where lengths of down- stream aprons rather than extensions 
stream cut-off walls to impervious on to reduce uplift 


| | 
_ January, 19 BILITY OF CONCRETEGRAVITY DAMS 115 
7 
— 
— 
4 
“ 
— 
h 4 


HANNA ON STABILITY OF CONCRETE GRAVITY DAMS Discussions 


. tt In the determination of f uplift areas the writer prefers to use the follow- 


in which, c’ is the area of a great circle of an assumed spherical ; void, and v 


is the volume of such a void. Expressing the relation between volume 


of the assumed spherical void in terms of its radius; ae expressing the area of 
a great circle” of the spherical void also in terms of its 1 radius; and, -elim- 


inating the radius between ‘these two ‘equations, Equation (19) results. 


~ Although it is probable that the voids in concrete or rock have a multiplicity 
-- of shapes, they m may be assumed to be spherical as a general average. It is 


ra probable also. that a section of - maximum voids through the concrete will be 


aces. 
warped ‘surface passing through the largest number of pore spaces. 


i ever, for computation purposes the holes cut by this warped surface may om 
considered to be projected on to a horizontal plane. Now, it is evident fi from 
Equation (19) that, if v is taken as the proportion of the volume of the 

concrete ocenpied by voids, will then represent a corresponding proportion 
of the area of the horizontal section occupied by the | area, of the projected 

voids on Applying Equation (19) on the basis ‘of this assumption to the 
uplift areas given in . Line of. Table 8, the following vs values of 
and of the estimated relative proportion of voids in the concrete are found: “ 
area, Volumejot void, wie thy ay Void Volume of void, 


eee ee 


gal 


‘Dividing v in Line 1, by 3 : and v in Line 7 by 2 to eliminate the author’ ‘+ 


afety factors ‘used i in his uplift area. values, it is found that reasonable agree 


‘ment with the author’s percentages of voids i in concrete is obtained, . 


In Table 6, Mr. Henny lists some assumed effective uplift: pressure areas 


| oe | ‘hie Sime founded on good rock for vertical loading at the heel, and he gives 
= — arbitrary” effective uplift: pressure areas for increased vertical 


lo dings. For heel loadings varying - from 0.4 H to H this listing indicates — 
ie that the effective uplift area decreases from 40 to 25 per cent. It appeals to 


writer that this is too great decrease, and that the decrease according 
Hooke’s law should that due to increased deforma tion of the concrete 


: a water pressure on the water face of die dam; and (2) an incrensdld load 


= a3 The increased vertical heel loading under consideration is H —0. ‘= 0.6 H. 


Bag For concrete with a modulus of elasticity of 3 3 000 000, the vertical shortening 


a of the | voids with diameters, d, in a unit area of horizontal section would be, 
0. 6 H + 8 000: 000 , and the lateral shortening: would be about ‘fourth 


arising” from the increased. vertical load acting through Poisson’s ratio. 
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check stability of dams against down- stream move- 


ment. As far as writer knows 8, idea considering shearing resistance 


The writer hes used the unloaded resistance of the contact 
area. ‘of the entire dam 2 a ‘against water pressure in all 


‘That the is a for determining” the 
its use 


safety. is an unwarranted degree of and that" the in 


uplift area for increasing reservoir pressures are too large. 


Lane JorcENsEN,” M. Am. Soc. C. (by letter). ‘Undoubtedly, the 
rearing of the concrete in a dam m aay 


Asa rule, dams are now ‘constructed to advantage | all the 


x possible shearing strength of concrete and rock by stepping the surfaces to 
resist a down-stream movement in the best possible 1 manner, ft alt 


it, When a material is subject to the ordinary compression test, there is pure 


compression in the direction of the axis of the testing machine and zero 
stress in directions: normal: to it. In all other directions there is both com- 


W a specimen is ‘crushed in | a compression test it is. 


ee said to have failed i in ‘compression, but that does not imply that the a etual 
3 failure Lamy compression, because itn may just as well shave been iaaahcanal 
by. shear, and for concrete this is, generally the ease, 
There is fair. agreement among engineers that concrete is not reliable 
Pers Both the Bong : and the Habra Dams failed above the foundation, 
at the section where failure occurred a small tension was calculated. 
This. was computed on the usual assumption of linear 
4 on the further assumption that there was no uplift. 
The a assumption of linear stress distribution on horizontal may 
| fa correct for the upper part of the dam, but the writer is convinced that it is 


eo ‘incorrect near the base. This was shown quite Dregs by the Englis 


= 
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200 ft the chang d 160 = 0.00625 d, or a little more than 4 
. 0.5% of d. This should be somewhat representative of the contraction of Bi ee 
pore area due to change of loading. On the other hand, the author’s 
= reduction from 40 to 25% for the change of pressure area reduces it by 374 no 
\uthor’s application of the shear safety factor to curved gravity, 
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tests" and again by some simple tests carried out ” by Donald Barnes, 
Jun. pa Soc. C. E., ‘so that all the experimental evidence available indicates 
‘non- -linear stress distribution the base. Mohr’s assumption of parabolic 
shear distribution on horizontal planes” and J akobsen’s stress distribution 
4 according to the principle of least work; ” both indicate the presence of con- 
_ siderable tension at the > up-stream face | of a a section with about a 663% 
~ Dase- to- height ratio, while the usual theory shows no tension and, furthermore, 
is on the assumption that the uplift is wo 


= 


a The Levy section is ‘supposed to have a vertical pressure at every point 
equal to or greater than the hydrostatic ‘pressure the water, assuming 
linear stress ‘distribution on | horizontal planes. Therefore, if a seam dos 
exist in the foundation, the water can not enter or can not spread out, because 
it encounters horizontal surfaces pressed together with | pressure greater 
than. that of the water. ‘Such a section should always be safe, ‘therefore, 
although it may not be as | safe : as Levy thought it Was on account of actual 
non- linear stress, distribution toward lower elevations. When the base width 


. The selection of uplift a as 5 40% of the hydrostatic pressure, as advocated by 


the author, seems rather low; its intensity depends upon so many factors 
about which the engineer can know little. When the stresses due to » earth-— 


= shocks and the fact that nothing very precise is known about the 


stresses at the base are included, the conservative designer will hesitate to 


depart very far from the Levy | section when | designing an important structure. 
: oie The effect of uplift is well illustrated in Fig. 5. Fig. 5(a) probably re po 
resents a favorable case and Fig. (5(b) represents a case more severe than it 


would ordinarily be necessary to assume. The uplift ‘pressure’ cannot act on 


_ the full base area, and the author chooses 40% of this area as the maximum, 


In order to inject a factor of safety into this uncertain matter, the late 
; James B. Francis, Past-President and Hon. M. Am. Soe. C. E., recommended 


_ that the total base area be used for the calculation of uplift. Such a factor 
The Levy assumption, represented by the case in Fig. 5(b)_ (except that 
&= i - 0) lies between the two extremes illustrated in Fig. 5(a) and Fig. 5(b); Z 
it therefore seems logical not to discard the Levy assumption when designing 


gravity y dams of | of medium height, except for dams on the very best of foundation 
Since the effect of uplift: is largely a matter of judgment, a lower and an 


ber) upper limit of base width for ¢ gravity dams could well be decided upon by. ‘the 
for the guidance of State engineers or other regulatory bodies. 

The lower limit of base width ‘would be ‘for dams. on excellent and tight 


7 _ 28 “Experimental Investigations of the Stresses in Masonry Dams Subjected to Water 
Pressure,” by Sir John W. Ottley and A. W. Brightmore and by J. S. Wilson and William — 
Gore, Minutes of Proceedings, Inst. C. B., Vol. CLXXII, Session 1907 08, Pt. II, Lond. 1908 ; 
one also, for example, Transactions, Am. Soc. C. E., ‘Vol. 96 (1932), p. 505, and ire oe 

oe Transactions, Am. Soe. C. ., Vol. 96 (1932), p. 536. eee 


“Technische Mechanik,” von my Mohr, Second Edition, p. 296. 
Transactions, Am. Soc. C. E., Vol. 96 (1932), p. 489.0 
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these limits of width 75% and 85% of height of the ‘Tespec- 


tively, for dams of moderate heights of triangular cross- section. 


about 663, and when zero uplift is assumed, no earthquake shocks are allowed 


- It is true that a number of gravity dams have a base-to- height meee a 


and linear “stress distribution i is assumed, such sections have a factor of. 


4 safety of one against. overturning and it is quite immaterial what their factor 


of safety is against sliding, provided it is ‘greater than one. In. order to be . 
able to show a factor of safety for such sections materially greater than one, — 
it will be necessary to count on the shearing strength and the tensile strength +s 
of the concrete or bond to rock. To expand such a section to a base width of . 
0.75 H will require about 124% material and, perhaps: 10% additional 
th The Pine Canyon Dam on the San Gabriel River, in California, a a dam of 
moderate height, has a base width of 86% of the height, and a a substantial 7 
top width. _ Being built on good rock foundation (although not excellent), 
this dam is probably the most conservative gravity dam in the West, where a 
there too many gravity dams with» base v widths considerably less” than 


0.75 5 H, : several of which, like ‘the Pine Canyon Dam, are in earthquake 


Ins a dam. actually developing arch action, conditions are most favorable 
to the utilization of the shearing strength of the conerete, as a wedge action ae 


The 
like surface along the contact can withstand considerable 
_ shear with safety, as mentioned by Mr. Henny, : since shear : action can be — 


= 


alt Most dam failures, in the past, could have been prevented by designing a — 


be; heavier section. - The behavior of the St. Francis Dam, as referred to by Mr. 
Henny, shows this clearly. The end portions of this dam, with base widths 


of 0.6666 H, promptly failed when the water level in the reservoir had nearly 


"reached the top, whereas the middle Portion of the dam, having a bottom 


width equa al to about 824% of the height ‘stood. a There was no shearing or 


tensile strength to help hold the cantilever down because there was no bond 
to the poor . foundation. © Such bond would have been | necessary to keep the F 


in place. There was no shear or bond strength available in the middle — 


; either, but this was not so necessary there o1 on account of the heavier section. + a 
There is no substitution for weight in a gravity dam, except ] perhaps ‘the 4 
addition of f buttresses o1 on the down- “stream side, but so far t this expedient has” 


Hie? 
~ not been. very popular. ’ To the writer it would seem quite logical ‘and imex- 


pensive to increase the overturning resistance on dams of medium height 
this Way as no gravity dam has failed initially by the crushing of the down- — <i 


ie. The deflection curve for a triangular cross- section of a cantilever under 

load is approximately cirele, and the deflection at the the top 
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_ foundations, and the upper limit would be for those on seamy roc 
The iudement of the engineer would then decide each intermediate — 
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le i 82. 5 , using me author’s: For such : a section 


with H = 200 ft, the at crest would be four ‘times larger 


than with ; H = 100 ft For a dam in an ‘inverted A-shaped canyon, the 
cantilever will deflect more in the middle at the crest than on on the side-hill. 
_ The horizontal beam will attempt to neutralize this tendency by transferring 


the: load from the middle high portion of the dam toward the shorter canti- r 
ovees on the side-hill. For equal safety the section on the side-hill, therefore, | 


Yr. “should be heavier than the section across the middle high portion of the 


opening. The writer. mentions this specifically because little attention has 
; _ been paid to this feature in the past, and it should always be the aim of the 


pa designer to produce a structure having the same factor of safety in all its 
parts. An arched gravity is worse in respect, than ‘Straight: 


fers 4 


«gravity dam, since the ends: of the arched gravity dam generally have to be 
ms on a down-hill slope, : and designers of gravity arched dams similar 4 


the St. ‘Francis Dam cannot —* help from the arch at the season of 


The author does not advocate slimmer sections than those now in use, 


we it also. seems that he does not point out the absence, to all intents and _ 
purposes, | of a factor of safety. in a gravity dam section with a base. width 


of 665% | of the height, in case the tensile and shearing strength of the con- | 
crete should fail through cracking or : should be diminished with age te 


A dam with such a section “may | be on the verge of failure, and 10% 
added to ‘the cost of such a structure ‘most likely w ill mean ‘the difference of — 
its success or failure. ‘The St. Francis Dam | was a] practical | demonstration 


of the be behavior of a dam ‘section wi with a base width of 0. 6666 ie in one place 
and a section with a base width of 824% of the height. in another place. 


. _ About 10% _ added to the cost of this dam could | have expanded the base width 


of - ends (that failed) to 824% of the height at the rock contact, the 
e as for the middle portion, it would have deepened the excavation, and 


would _have prevented tremendous involved. The 
‘engineer must consider that in one case he is ; practically ‘ flirting with the 


and, in the other case, he is, under ordinary circumstances, pro- 


a ~The Engineering Profession should establish a an allowable minimum base 
eo . az for a gravity dam and this should be considerably i in excess of 0. 6666 H. 


./ a There would stall: be plenty of room for the exercise of judgment by the ‘indi-- 


the base width should be for his structure. “nul at 


a gravity. dam is acted upon by the pressure of water, the resistance due to 
| Pre: 4 shear should be introduced i in addition to the resistance ‘due to sliding fric- 
‘tion. This is the substance of Mr. Henny’s paper. 
ion. 1is is the substance of Mr. He pape 
~ 
| 33h 82 Senior E ngr. of Hydr. Structure State of Public Works 
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‘The formula given for total “resistance per unit of area is: s = s, + 
and a factor of safety for the entire horizontal section of Q=4i is adopted. — 


‘Uplift loading, including the variation of its intensity with vertical loading, — 
and the area of its application are also discussed. eat 3 


It must be recognized that for about fifty years there has been little 


tag 
i in the knowledge of the proper design for the stability of structures 


in ‘general’ and of dams in particular. The importance of obtaining reason- 
able values for stability factors should not be minimized , especially if com- 


parison: is made those of stresses. For instance, with compressive 


- stress ir in concrete e of 500 lb per sq in., the factor of safety is at least 2: At a 
same time, while ‘computing : stability against horizontal forces, the 


usual ‘sliding ratio of about 0.6 and disregarding shear resistance, a safety 


factor of only ‘is ‘obtained. A safety factor in overturning equal to. 1.5 
very satisfactory in case the resistance due to bond with 
_ foundation is not taken into account. _ With uplift both factors attain still i 
lower values. This indicates to what stability. factors are smaller than 
_ those of stresses. On the other hand, raising stability factors to the same — a 
value as stress” ‘factors would result in excessive dimensions, provided no 
other thi than sliding f friction and the r¢ resisting effect of dead weight 
shown in the paper the inclusion of resistance gives an increase 
Pr safety factor from about 1. 3 to 4, thus indicating that the greatest part of 
the ‘rebistance is is ; supplied by this” newly included element. This condition 
‘Tequires a serious study o of these new elements, si since the safety of the dam 
depends entirely on the correctness of the values selected. An investigation 
of the ultimate resistance due to shear, sliding, and bond should be made 


for planes of contact of concrete with rock, at construction joints, and within 


= 


‘ 


h the material itself. The fact that the rock structure is not uniform and be 
planes of weakness may exist hidden from the investigating eye, must be 


with saturation of the: foundation ‘rock, 


to shear. and design shéuld be based upon mn carefully test 
data and reasonable safety factors approaching 4 4 should be attained, it is 


“horizontal joints obtained by Mr. L. H. Tuthill,” but was very cautious in 
_ plying them due to the singularity of the | test. The fact that stability can be ae 
altered so greatly by the inclusion or the on of the ‘shear seems 


The process by which the values, and k, are necessarily 


approximate. First, the assumption of a plane of ‘rupture is far from what 
actually oceurs in a cylindrical body ; and, second, the coefficient o of friction 
not constant = normal stress. his, (4) an unknown 


“Horizontal Joint Shear in Mass Coner fete,” by Lewis ~Puthin, rn 
“Strength of Materials,’ by | Ss. Timoshenko, Pt. Tl, p. 655. 
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contact of concrete specimens are covered with paraffin, the ultimate strength 
core ee be greatly reduced and the type of failure will be completely ‘different. 
A solid cube fails by dividing into planes parallel with one of the lateral sides. > 
This indicates that the mode of loading will change the character of failure 
entirely. Besides, the actual condition of loading is far from that produced © 
in a a laterally unsupported cylinder as used in concrete tests. & Consequently, 
the values of. resistances, s, and k, are ‘not representative and ma may not even 
be correct. It appears that tests similar to those by Mr. T uthill, | in which 
-eliiie block was displaced relative to the side blocks, should ‘supply more 
i correct values for shear and sliding resistance. The segregation of shear and 
< sliding ‘proper can be made by testing the displaced specimen for frictional | 
Experiments quoted by the author and those e by Mr. ‘Tuthill indicate that 


a - total horizontal resistance increases with the narmal | pressure to a certain 


value, beyond which it begins to fall. _ Crushing of particles may be respon- — 
for fact. may also ‘Taise a question concerning the 


_ disprove the theory based on the unibienl action. Additional experi- 1 
pee In passing, the writer wishes to remark that it would appear logical to. to = 
formulas for stresses which take into account tension in concrete when 

total width of the base is taken in computing sliding-shear resistance. a tas 

To complete a study of stability, overturning also must be discussed. 

: “suming x no bond between the base of the dam and foundation, the stability a 
assured | only by the resisting moment of the weight and ‘other vertical 

forces: acting downward. In a general there be four sums of forces 
gllecting. the stability in overturning, namely, the vertical | forces. acting 
_ downward and upward and two horizontal forces acting to the right and to 7) 

the left. The first sum, W, results from the weight of n masonry, , vertical — 

water pressure, and weight of débris on the “stream and down- n-stream 
faces; ‘the second, gC; is produced by uplift; the third, P, by the horizontal 
water pressure and débris on the up-stréam face; and the fourth, , P,, by the 

— Bisteonaale water pressure on the down-stream face. The factor of safety in 
~ overturning, as in the case of the factors of safety in sliding, - tension, shear, 

ete., must express the ratio of the ultimate overturning ratio (at which over-— 

- turning is bound to occur) | to the overturning ratio produced by the ‘acting 

forces i in ratio is defined here as: itt 


To 


in which, is the moment at which overturning ooen occurs. 
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According to. the definition of N. Kelen: Me = Me m; and, Mo 


rock can 1 be relied upon, these new elements will increase the potential 
resisting moment within the limits of their own factors of safety. Conse- 
quently, consideration should be given the existing and allowable factors 
of safety of the a anchorage. When the actual factor of safety of the anchorage _ 
is smaller than the allowable, the anchorage will be unreliable until the stress 
ie 1 it will be lowered to ‘such a value that the factor of safety will become ee, 
to the allowable factor. For example, using the author’s notation, 
select a dam with H= = 150 ft; L = 1184 ft; n = 0.755; and a = 2.4, 
corresponds to the curve in Fig. 8 with Q = = 4, ie at iy 
For the condition of no uplift th = ‘42 lb per sq in.; 1, = per 
in.; and = 8.74. the 1 ultimate bond stress is taken at t 150 b ber 
sq in., .» then, with a \ factor of safety of 4, only 37.5 


to this value 9 be: 

: (37. 5 + 42) 144 x 113.4? = 24 659 000 ft- 
new factor of will then be: 


For the of | 50% uplift at the p-stream face (82.5 in- and 0 


at the down-st stream face: l, = 42 — 82.5 = 5= 9. 5 in-Ib, and = 114 in-lb -lb, 
which : assumes that bond ag the concrete and the rock was not broken — 


by the uplift force. _ Disregarding the reserve due to the bond, the factor of - 
F, = ——*— 
My t+ Me 


at will bring the stress to the maxi-_ 
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ON ON STABILITY OF GRAVITY, DAMS 


Mr. Henny’ is in the between the concrete 


and the rock is is broken by uplift, t the stresses will be determined by Equations 
and thus: = = in-lb; and = = 0. Ih this case: 


The ‘that factor in overturning be 


one of the weak spots | in ‘stability. The writer - wishes to express his apprecia- 


tion to the author for the study of. this apparently simple but little discussed 
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"PROPOSED HIGHWAY. EXPENDITURES 


L. McNew, M. Am. Soc. 


pile McNew, Am. . Soc. 0. E. (by letter)™- 


pnd giving advice to the profession a as to the economic palsy of ar 
improvement, but in recent years have any road users allowed the 


engineer to improve roads only to the extent directed by paar’ economics. ve 
As long as road users” demands were insistent that more | miles of pavement 


be laid, and they did not complain of the tax burden, few. were » the engineers 


who, would | direct attention ‘to such. subjects as “justifiable expenditur 


With the débacle of 1929 ‘its “effect upon pay ments, the diversion 


@ 
passing of all bond ‘markets, the stage has “ating re- arranged and the scenery 
changed to east the rema inder of the road construction projects on. a 


Perhaps the slowness with which highway economics proceeded has” 
been due, in a “Measure, to the slowness \ with which a National road- building a 


“program was ‘undertaken. The accentuated demand for public ‘roads began 

about 1900, when ‘the automobile made its début, but it was about sixteen 

years later before t 1e United States embarked “upon a program, of Federal 


roads. 1916 the demand for roads v was so. ‘insistent that: ‘could not 
wait and for t the next thirteen y years ‘nothing mattered much as long. as the 
Toads” were paved, and the sooner the better. A perusal of typical publica 


_ tions of about 1908 will show ‘that first the public. had to be “sold”. o on. the 
idea. that good roads were a benefit and, thereafter, the people bought whole- . 


about two years now (1982 and 1933) i in which to ‘pause and 


on the need for roads, one must quickly | see that no longer. can the public - 


NOTE, paper by Thomas R. Agg, M. Soc... C. E. was presented at the 

hu meeting of the Highway Division, Atlantic City, N. J., October 10, 1932. and published it 

_ September, 1933, Proceedings. Discussion on. this paper has appeared in Proceedings, as 

_ follows: November, 1933, by Messrs, W. W. Crosby, Roger L. Morrison, and Samuel B 
Fok; and December, 1933, by Messrs. Ww. 8. Downs ‘and George E. ‘Martin. 
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expenditures on capital unless the ‘tax levied and 


ected will be returned to the taxpayer either in n whole or in increased 
snaeenidis t Perhaps the financial return may be slightly less at times than 
- = tax burden, and the increment of difference will | represent an elevation ; 
of the s standard of living; that r recognize e such a a principle 


Pg the dléistity with which the public has provided road construction 
_ funds may be due to the typical American custom of buying a thing, and | 


then dismissing the matter. In other words, the public has been permitted 
to think that once a road was paved it would be paved permanently and, with 
such a thought, the cost price” provided. Now that the probable life 


cycle of every type of pavement has been about reached « or “passed | since the 
beginning of an policies i in the United States, it is about time all a, 


refuse to based upon s such facts, 
Practically all expressions for annual cost involve the term, residual vale 
; > or ‘salvage value, for instance, indicating that one stage of construction may 
well be a valuable part of the next type of improvement, and yet this one 
4 factor is often overlooked in so- called Unit-1 construction to such an extent 
ie that when a road type is changed from a gravel surface to a higher ‘type, 
| a it becomes necessary to change ‘the grade so much that the salvage value of 
the gravel ‘becomes zero. In such cases, unless traffic type has” changed 
radically, there is an of forgotten | economy. In recent years the 
researches \ of the U. S. Bureau of Public Roads have shown that certain sub- 
grade soils, “namely, Classes A-6 are probably “unsuited 
-sub-grades under high types of ‘paveindats and that the sand- -clay and gravel 
mixtures are capable of providing valuable sub- grades. «wit is probably true, 
then, that by planning road improvements » more than one step ahead the 
The author’s analysis of the change in cost of transportation on 
ee States Highway 65, _ resulting from a change from a gravel to a “high er 
of surface, offers an example of the point the writer desires to make. Under 
the cost analysis of the gravel surface, the author shows the entire value of ‘the 
7 surface to be charged against the gravel surface and that as a sub- hina 
the higher type the old “gravel has zero value. Is not this treatment 
a indicative of either an ill- chosen grade line for Unit 1, or Z rather severe 
‘ charge to the gravel type? If it is assumed that all tha genvel is bladed to the | 
— a shoulders, is not then the traffic- -compacted § sub- grade of some value i in excess 
= a4 of that of the freshly constructed sub-grade, and would not the ° value ‘of the 
gravel in the shoulders be the equivalent of a measurable salvage value? In 


ae: ate many cases the writer feels that the salvage value of an old. surface, ‘when 


used as. a foundation for a high type | of pavement, be « even ‘more than 
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the cost of operation over excess distance is another phase of the general - 


problem ‘that has caused much debate. Capitalizing theoretical s ‘savings of 


transportation | due to shortening of distance offers many pitfalls, and yet it 
isa logical part of. any cost analysis. The writer doubts the wisdom of 
setting up ‘figures: savings of distance figures are 


- when it is built? Unless the : answer is in'the affirmative, one may say that 
the justification for relocation may change and when that change is demand- 


ed the savings will no 0 longer pay | the interest on the first cost of the i improve- 


ment, especially, ; in eases: where the amount. first ‘computed as” justifiable 


come a the right alien, or that it will offer the ‘same service as it it does 


in ‘some “eases, but, he doubts ‘very much i 

user of the road who actually accumulates | the savings» appreciates ° the fact, 
and he also doubts that the | ones who do accumulate the savings would ever 
be willing to donate even one-fourth of such ‘savings ‘back into construction 


~ Dean Age has computed the justifiable ‘expenditure for saving distance by 


first: assuming that the saving will be effective for twenty years. _ This is 
a “noteworthy change from the methods used to justify saving distance as often . 
published. | Twenty years may be a “Jong” time in numerous cases, and the 7 
writer agrees with the that ‘ of type. should be used 
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3 

THE SURVEYOR AND HIS LEGAL EQUIPMENT | 

MEssrS. CLARENCE 7: JOHNSTON, A. F. 
seth n 


Cuarence T. Jounston,” M. Am. Soc. EK. (by letter)" *—The author le 


has brought together in compact form many details ‘at the relating to li 


boundaries which | concern» surveyor r and his professional 


activities. Volumes pertaining to the same subject have been compiled by | 

- authorities in the law. Several works have been written by men who ‘Tepresent | 
both legal and scientific ‘opinion. Those who specialize in boundary por 
, have long felt the need of a digest of the essential element of the law To or 
select the important features: from tl the accumulated mass, represents. a task b 
which, to resort to paraphrase, ‘makes surveyors” lose the good they 
The practical experience and special interests of surveyors influence their |e 
judgments regarding the relative importance of specific. provisions of the 


Many surveyors chafe under the limitations that the law seems to prescribe. ‘th 


If the surveyors who made the basic surveys had been adequately | supported | 
at the time such surveys were made, much of the existing law would now |? 


. a have but little weight or ‘meaning. Specifications defining enduring monu- 
ag a ments are not to be found in the common law. The surveyor is often ready 
ae to condemn much of this law as it relates te his work because it ignores: mo 
97 science and because it does not refer - to standard mon monuments, limiting closing om 
= and other items of major importance to «ol Pe 
the 
i = ‘the essential features of the law are brought together and discussed by F 
those who have conflicting opinions, ‘a foundation should be laid for a 
‘understanding among ‘surveyors. Professor Holt’ paper is suffi- 
 —_= comprehensive to form a basis for a national discussion of the law ion 
relating to boundary surveys. When the discussion i is completed and final 


eonelusions are drawn, the essential features of the law should be outlined | 


Nors.—The paper by A. H. Holt, M. Am. Soc. C. E., was published in m 
1988, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: | 1e1 


<— _ November, 1933, by Messrs. Ray H. Skelton, William Bowie, R. Robinson ro and Walter and 
es: Dunlap; and December, 1933, by Chester Mueller, Assoc. M. Am. Soc. C. . 
Near 4 % Prof. of Geodesy and Surveying, Univ. of Michigan, Ann Arbor, Mich. he ae 


Received by the a6, 1938 


| ‘AMERY 

— 

— 

— 

— 

— 

“4 

& 

= 

— 

— 

— 

ii 

i= 

— 

— 


7 Jan anuary, 1984 JOHNSTON ON THE SURVEYOR AND HIS LEGAL EQUIPMENT 

enactment of statutes which reflect the best of practice. 
| ~The law relating to boundary surveys has not improved to keep p pace 


the growth of scientific theory, reformed practice, and better | equipment. 


_ Beidtice has long since prepared the way for the introduction of a new era Ve 


in boundary | surveying. Surveying and land tenure began to be recognized 


1 


Saad early peoples departed from nomadic customs and engaged in occupations — 7 


involved settlement and the cultivation. of the soil, Science wasinits 


‘infancy when lands were parceled out to individuals and fam ilies. The rules 


Governing occupation and use of lands: became tribal traditions. 
_ were finally incorporated in the “unwritten law” and. modified meet the 
| “necessities of many early peoples. The law continued to grow as life became 2 


"more complex. Science had but little. application to boundary: surveys until 
after the development of ‘comprehensive « codes relating to land 
The power make final decisions was then, as ‘now, entrusted to those 
"trained in the law. It is not a matter | of accident that there are volumes of | 
legal discussion relating to the boundaries of real property and a ‘scanty 
_ literature dealing with the applications of science to the same subject. The 
ial process ¢ of evolution is extremely slow as traditional doctrine and ‘opinion | 
‘ie modification to meet, in a a small way, the ‘requirements: of a changing 


society. As specifications based « on science replace legal ‘authority, the law 

‘relating to boundaries must be simplified. wt 
_ Surveyors are obliged to familiarize themselves with the law as it otiae 
the power to establish boundaries. rests with the Legal Profession 
and the Court. There are unmistakable signs of agreement among surveyors» 
as to the logical first steps they should take to hasten reform bl review of an 
boundary surveying in the United States discloses an almost uniform _eare- 


lessness regarding monuments. Distinctive, enduring monuments marking 


~ 
7 


ine the intersection of boundaries should be the objectives of every boundary 
‘ted survey. While the quality of work performed in connection with : many we 
inal surveys was not high, errors in linear and angular measurements and 
discrepancies in the | official records may be overlooked. -Carelessness 
relative to monuments cannot be condoned, 3 cost of distinctive, 
eves 


is recommended, therefore, that standard monuments, such as are used 

by the General Land Office, the United States Coast and Geodetic 
“| and other departments of the Federal. Government, be set to . mark the inter- 
sections of real property boundaries in all future surveys. Distinctive, endur. 


ing: will. be seen 1 and and 1 


— 
— 
— 
— 
a ¢ 
— 
it E 

— 
— 
To — 
ask — 
ght 
— 
~ 

4 

— 

— 
— 

a he public | 
ood monu- 
: GF 
Walter 

_ [and thus mark real property boundaries, has responsibilities which are often _ Tae —_— 


HARLEY ON THE SURVEYOR AND HIS LEGAL EQUIPMENT Discussions 
cnet. In the first place, he pon have 1 the technical qualifications that §— 
are recognized by the leaders of his profession. ‘He should be familiar with 
_ the law as it is outlined by Professor Holt and by those who make positive : con- . 
tributions to the discussion | of his paper. He should understand that his work 
should, be performed in such “manner as to ‘merit the confidence of. his: 
clients and the respect of other interested parties. Whether the locations of 
monuments are determined by | "agreement or by order of the Court, he should 
the ‘setting of ‘standard ‘monuments. should. understand that all 
boundary : surveys are matters “a local public concern, and he should leave a 
plain and complete record of his work in some designated public office. _ A 


ead regards ‘the ‘notes, and computations boundary surveys 


the long run his own practice suffers ¢ as . competitors pursue the, same selfish : 
In his concluding es Profe ofe ‘Holt refers to ‘the value of “definite, 
4 distinctive, and enduring monuments. od If all real property boundaries were t 
to be marked by the would be afforded the basic -pro- 
tection that “surveys should afford. The setting of such monuments would 


a 


F. M. AM. | Soc. C. E.’ (by letter) —The analytical nature 


of this | paper is its principal charim;' and its publication becomes at once 


graceful introduction to the works of ‘Clark and Skelton. | 
At the very outset, of the author’s remarks one quickly discerns the differ- 
es ence between a lost and an obscured corner. In ninety-nine ‘cases out of one 
hundred, “lost” corners are merely obliterated ‘comment, | and their finding i isas 
the writer did not so, was ‘prepared to 
that each obliterated corner in ‘cut- “over pine “woods was in every sense 
“witnessed, “blazed and 
led ” or merely good round timber had een cut and carried to the ee 
saw -mill. Then he happened ‘to read a paper® by N. B. Sweitzer, Assoc. 
Am. Bow.’ E., describing a ‘method of finding the original pits surround 
a section corner mound, which had ‘been filled in, and leveled down by onl 
wind, in the flat, dry, desert soil of Nebraska, and concluded, that in nom 
parison the task « of finding obscured ¢ corners in the cut- -over pine woods of 
Florida was comparatively an easy one. This it not only proved to be, but it 
held a J udge of the United States Court in close attention, until the method 
pursued had demonstrated its unerring precision. i 
writer’s’ method is as follows: Approximately, at an obscured sec- 
tion corner a stake i 1S ‘driven, the transit set ‘up, the | vernier set on zero, the 


a telescope pointed ‘toward the north, and azimuth angles and ‘stadia distances 


> 


are read and recorded etre: ' stump within a radius of 200 ft, or more, t. 

Received by the Secretary November 25,1988. = ob 
Soe. C. B.,. Vol. LXXV (December, 1912), p do: 
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rt ao rodman is previously instructed to hold his rod on every stump, or 
what may 1 remain of - the tap-root of a tree, or at the center of surface lateral : 


roots, running out from 1 where an old stump had been, and to cut a chip from 
each, before | going to next stump. done, he is again told to walk 


“and briars to for he: may ‘have overlooked. These angles and 
distances are then platted in the “office, and. each stump is shown by 


black dot; the drawing i is finished with a north point. 

The witness trees. of the particular secti od 

States Deputy Surveyor and recorded in, his field notes under instruction 
from Robert Butler, Surveyor- ‘General of the then ‘Territory of F lorida, in 
1848 and 1849, are then platted on a piece of tracing paper, and the four or 
less witness: ene shown by ‘small | circles ; and this drawing is also finished 


iin 


Then commences the j puzzle, until a spontaneous exclamation from 
the draftsman of a! have it? ‘indicates that while keeping the north point 
on the e tracing paper parallel with the north ‘point on the drawing beneath it, 

p and 1 moving the tracing pa paper up and down and from side to side, four black 
a dots suddenly appeared within the four circles, ae tate 


Fi ig. 1 is, an 2 example from the public ‘records of Duval 


i 

peat 


cally 


dey f ‘ “ 


concrete monuments have been placed to mark for all time certain heretofore — hme 
obscured section corners ‘and quarter-section posts in Duval County. The one é 
dots represent the trees or stumps of trees; the dots enclosed in a circle are Sai 
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HARLEY ON THE SURVEYOR AND HIS EQUIPMENT 
the trees. or stumps of trees the bearing and distance of | Which conform — 
; to the bearing and distance of the witness trees as recorded in the field notes” 
of the U. S. . Deputy Surveyor when surveying public lands, and now preserved | 


‘Fig. ‘also shows the 8 by 8- “in, ‘concrete to a a larger 
seal), turned so that the section numbers cast on the side of the concrete 
"monuments may face the sections to which the numbers refer. It also shows: 
four shaded circles which “represent four small circular concrete monuments, 
entirely below the surface. These witness monuments would enable 


te section corner monument that had been moved, to be replaced i in its original 


‘position, or they would enable a : surveyor to substitute a new ‘section corner 


ana 


—— a truth, th the men engaged i in this work had found the footsteps of ‘the * 
surveyor; and ‘more than this, they actually knew, ‘after the final transit Ay 
_ lines had been run from 1 monument to monument, the average error in meas- a 
urements the original surveyor. had made ‘under his contract with the d 
"Government on a ‘per mile basis of compensation. tl 
Gost? Oh yes, it costs, but Uncle Sam did not learn from his predecessor, « 
who was equally | generous in giving homestead lands away to the early ‘settler. | 
In California, the receiver of a gift of land from 1 Spain was heavily fined if di 
within a reasonable time thereafter, ‘properly laid-up stone monuments did not 
mark the boundaries of the gift. af 
In F Florida, the public | lands were reasonably well surveyed. Henry Wash- 
a ington was one of Colonel Butler’s Deputy Surveyors under contract, and di 
one of his best. In one of the Spanish Grants, Henry Washington ran 75 450 reg 
ft, or 14.3, miles, on 61 different courses, and his notes were returned with af be 
_ closing erro error of 32 links east and west, and 35 links north and south. bees, cd fo 
Being somewhat skeptical of the result and yet having occasion to use it 
for the information it supplied, writer Te -caleulated the entire traverse, 
un 
well how it was done in Florida one hundred years “ago 
Fudged! The writer thinks not. _ Washington had, of course, 
compass with ‘a nonius and two o 2 pole chains, subdivided into 50 equal 
links, as ‘required i in the in instructions of Colonel Butler to be each 
Deputy, and what more could a a tradesman need? 
a pa Call | surveying a trade if you will, but the occupation demands consider- fh 
ey be Bed ie, able “horse sense. ” A surveyor should know t the direction | he is facing at all § i 
times just as sailors: do. . He should know the: names and the probable life 
rd a different trees. If the tree is dead its species can be dstereined from the sen 
and scent of the wood. The surveyor should be able to “recognize new new 
growth over an old ‘scar, know how to remove such new growth | 
i and expose the ‘old scribing. He should know by rote the instructions of the bah 


‘Surveyor General appointed by Congress to conduct the survey of an acquired 
territory, which h were iss issued to the Deputy Surveyors in the sepned some years 
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before the first Manual id Office ever left 


things | he will. have learned ‘the first letters af the of the sur- 
--veyor’s trade. 


Lynn Perry,” M. Am. . Soc. E. ‘te letter)" subject- matter of this 


aper is timely, and ‘the author is to be complimented | on the thorough and 
8, i interesting manner in which he has handled a subject 80 difficult to present — % 
le early. The paper ‘is authenticated and well annotated. Although 


many of the ‘citations appear: to be somewhat local, the legal principles laid | 
down by the Courts in the excerpts cited are general, and the inexperienced 


G surveyor will do well to follow ‘tay 


Many engineers, at some period during their professional career, ‘become 
involved i in boundary disputes and property lines. some, this duty comes 
at a time they are least adequately prepared, legally, to render the 
* decision that is expected of them. The attention of the writer was drawn to oe 


the: logical legal evaluation of the “calls” in the description of a property, 


early his career. He was surveying a tract land in ‘Maryland, the 


boundary of which was described as “ ‘thence, due. east” a certain 


distance “along the Mason’ and Dixon line dividing "Maryland from Dela- 
ware. ” The Mason and Dixon line at this point was ; monumented in 1760, 
after about nine years survey ing, injunctions, agreements, Court decisions, 


did not inspect the field work of that eels of the line dcmaaietns they merely 
approved the manner in which : it had been done and authorized the line eto 


be monumented. Much to the ‘surprise of the immature surveyor, it” 
found that the monuments were not in an easterly line (in fact, they were 


not in line at all); | they were not at 1-mile intervals, except approximately ;— 
and the east and west ends of the client’s holdings in n no way corresponded _ 


with the distance mentioned ‘in the description. Obviously, the property 


under a Maryland patent. for more than 140 - years was in no way a . part of 
Delaware, and the northern boundary was made, not due east, but. a 


“meandered line connecting the existing monuments. ei, fos to 
An interesting feature of this survey is that one monument was missing 


teed no of its as s it had been as a. step p prior 
his. occupancy of the property. _ He was finally persuaded to acquiesce in ‘the 


‘Tesetting of the monument at ‘the location from whence it had been moved 
This point was fairly definitely settled by surface conditions. 


Another > interesting illustration this pitfall into which a | capable 
technician “may fall is illustrated in the resurvey of the circular boundary ae, 


separating the States of Delaware and Pennsylvania. This is the 


mathematical curve a has been brought t 
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Maryland was monumented Mason and Dixon, and 148 years 
after the original circular boundary between Pennsylvania and Delaware had | 
run by Tailer and Pierson, the three | _Commonwealths interested, 


ed proper legislation, set up a commission to. re- run and re- ‘mark the northeastern é 
corner of Maryland and the « circular arc forming the ‘northern boundary of 


_ This 8 survey relocated the northeastern boundary of Maryland and during» 


the excavation incident to the erection of a permanent monument, the old | 


monument , set by “Mason and Dixon was. found about + or 5 ft below the sur- § | : 
face. The resurvey y checked within about 2 in. / This was well, but when § 


te surveyor began the resurvey of the circular a are, he found some small 
mathematical errors in the Mason Dixon computations and linear | 


- measurements. ‘He surveyed the way he thought: Mason and Dixon should 


have surveyed, following the original grants from Charles I, Charles II, and 
J ames I, and the subsequent agreements down to and including: that of 
4 rederick, the sixth (and last) Baron of Baltimore, and the heirs of ‘William 

Penn. He must have done a tremendous amount of research work prior to 
"iy going into the field because his report 3 is found to be correct in every detail, 
his geodetic carefully and accurately performed. He overlooked 


the fact, however, that he was engaged to make — a resurvey and not to ) estab- en 
lish a boundary. ‘The result was that he took from. Delaware a small tri- 


angular shaped parcel of territory, several miles’ long and less than 2 miles 
wide, and gave it to Pennsylvania . The result was that Pennsylvania, stand- 

- ‘ig to benefit by the increase of territory and population, 1, promptly approved 
the survey ; the Maryland General Assembly not being interested in the dis- 
om pute, and being contented with 1 that portion of the survey which concerned 
Os that State’s boundary, ratified the survey; but Delaware never ratified it. All 
the maps of this is locality prior to about 1900 will show Pennsylvania (C (Chester 


County) holding this small wedge of territory extending down between Dela- 


ware. and Maryland. Pennsylvania, however, was never able to collect the 

taxes nor in any way to exert jurisdiction on this triangle. Te For many years am 

after dueling was made illegal by law, duelists sought this location for final te 


settlement of personal disputes. Only within the past decade has jurisdiction 
‘over this tract of land been settled finally. 


‘Maryland has a boundary dispute with West Virginia. original grant 
of Maryland explicitly states that its western boundary shall be a meridian 
Hine 1 running south from ‘the Fortieth Parallel to the most distant (farthest 


a _ from Chesapeake Bay) fountain of the Potomac River. at This “ most distant 


* fountain” ‘is known and has been known many ; years to be the South Branch 
of the Potomac River and the boundary, if properly run as originally in- 
give Maryland several counties now in. West Virginia. The 
- validity of Maryland’s equity to this territory is admitted in the Constitution 
of Virginia adopted J une 29, 1776 (Article. 21), the 1 first Constitution Vir 
-ginia | ever had. Due to the many any Virginia patents, to the objection of many 
inhabitants, and ‘somewhat to procastination, Maryland was not able to con- 


solidate bring this territory under ite jurisdiction. In (1863, it became 
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“West ‘Virginia. What surveyor would now make the western boundary of 


“Maryland ‘conform to the original intentions of the grantors and grantees? 


. 3 The e surveyor must bear in mind that he i is not a a judge. He is an expert 
7 witness » to whose testimony the Court + will give due weight if his work has 
been characterized _by care and judgment. When his decisions do not 
; form to the law, as laid down i in the » decisions of } higher Courts, his technical 


care may be of little value to his client. — 
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PHOTO-ELASTIC ANALYSIS OF STRESSES 
IN- ‘COMPOSITE MATERIALS 


MEssrs. AND ROBERT V. BAUD 


then of stress by polarized light to ‘new techniques 
shave been developed a and a new range of possibilities has b been tapped. For 


y 


these reasons, if for no . others, the authors are e deserving o: of commendation. 
A reconnaissance usually suggestive a: and among the interesting further 


extensions that appear possible are: 


“vicinity, of a column splice. Such studies could include different types of 


and should certainly include, the distance between the 


te Fonte as the radius of the hook and its relationship to the sequence of 
os that is, whether the matrix (celluloid « or conerete)_ crushes under the 


7 5, bend; whether the hook “snakes” out of its curved hole; « or whether it splits” 


=  8.—Comparison of a few large bars with many small: oties to transmit a 


— 


ee —Studies of type” ‘shapes of deformed bars, that is, those ¥ with wedge 
En 4 like lugs as against those with square shouldered lugs. it Such studies could 


leo in 


also include studies of polished, etched, coated, tapered, and anchored bars. 
5.—Closely allied to Item 4 would be studies of bond stresses in the 


cinity of cracks and the extent to which the welded cross-wires of a mesh 


if 


= 


 Nore.— ~The paper by A. H. ge M. Am. Soc. ron E., and A Gg. Solakian, Assoc. M. 
Am. Soc. C. E., was published in page oe 1933, Proceedings “This discussion is pub- 
lished in Proceedings in order that e views expressed may be brought before all mem-— 

™Prof. and Head, Dept. of Theoretical and “Applied Mechanics, Towa state ‘Coll, 
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even te to study the a 


wl —Perhaps future studies will develop other optical m materials of properties: 


t 8.—Perhaps beams can be weakened on the tensile side by means of saw- 
“cuts, or otherwise, to simulate more perfectly the tensile part of ‘reinforced 


polarized light is the logical to use in a for 
further truth | any such problems is quite another question and should 


be considered carefully before an elaborate program is launched i in a particu- 


lar case. It ‘must be kept in mind that: } 


(a) At best, of optical methods are essentially 
relationship between the two materials studied differs in a number 


~ such that the nature of the stress response can be made visible in each of the 


of important ‘Tespects from those for materials about 7 t which 


s far at least the evaluation of parts of ‘the test results is by 


In cases the “qualitative nature of the action is already 


i sufficiently well known, and the important fields to be covered are to obtain - 


numerical evaluations by experimentation with members, or models of them, 


in made up of actual materials or of materials that are similar to the actual 
(e) In other cases more thorough- “going mathematical analyses will 


promise a more positive result. and will net a greater return for the 


In spite of the questions which have been raised, structural will 


do well to keep these new possibilities in his consciousness, in order that he ; 
may have one more tool available if a specific need arises. 


clarity of the photographs seems to minimize one difficulty which some 


have r recognized in | considering the possible usefulness of polarized light for — - 2 
such studies as these. It i is obvious that a stressed bar anchored by bond toa Ss a 
‘matrix, which completely surrounds it, is essentially three- dimensional 
problem and, as such, + would ; not be amenable to yptical study. In other 
words, | the | bar is st surrounded with successive layers 8 or cylinders ¢ of stress. 
However, 80 much more of the cylinder v walls is encountered as the edges are 
- approached, | that the direct penetration that occurs in the central part of inl = 
field. offers a relatively slight obstruction to the light rays and does not > appear 


the view as badly y as it ‘might ‘reasonably be expected to do. 


in 1 reinforced beams are discussed. Unfortunately, 


the: authors have not provided the bands shown in the illustrations | of ae, 


the f if i noi un 
Received by the Secretary October 28, 1933. in to 
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part with fringe n numbers, so ‘that the views are of no practical value to the 


hae reader, because | successive ‘bands do not necessarily denote a a corresponding 
increase in stress, stich as Curve A, in Fig. 13, but may. mean any kind of 


stress distribution, such Curves B, ete. stresses in Fig. 7 are 


artof Model / 


"doubtful if Poisson’ s ratio differs for 1 the two materials. — In such a case a 


‘three-dimensional stress distribution i is produced around the reinforcement “4 
? 


A 


and the stress readings are certain to be inaccurate. ay fe 

to Th is desirable that the authors explain the percentage error. in the last 
= of Table 2. One possible explanation is the probability that the 
principal stress. directions for the initial condition are not all exactly 
parallel to the axes of the beam ‘and that, therefore, they partly, ‘differ from : 
the stress ¢ direction lines due to loading. Tf such is the case the initial field 


cannot be deducted algebraically, but must be subtracted according to the 
laws: of tensor-fields. The most cause for the discrepancy | in actual 


a 


initially. Tequirement that J fdf = 0, 


= 
| “yields an initial ¢ compressive force in the rod of Mind - 100 Ib, and the r require- : 
“4 ment that fy df= 0, yields a force e of A= = 92.8, or an average | of about 


96 Ib, corresponding to an initial compressive stress of about 50 000 Ib per 
sq in. Due to loading the beam a this large initial compressive stress” was a 
reduced, but for no bending moment used in the experiment was) there 


actually a tensile force in the rod, as is schematically - shown in Fig. 14. niet Po < 


om More ‘important | and more disturbing than tl the lack « of agreement in the Sd 

actual and computed moments (at least, for ‘the practical man) is the fact 

large initial tensile stresses are set up. Particularly for small. loads 

the gain of shifting ; the neutral axis downward is more than offset by the Bs 

- presence of these large initial tensile stresses, and the question arises as to 4 is 

Bs 


| this condition will be for The authors that the 
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that only: the stress scale i is different. if this i is the case factor 


, one 


ngles 


to the rod and measure the initial and final length of the rod before and © 


after cutting; ‘from the difference in length force, A n be 

oe As far as the optical part of the paper is concerned the writer is much 


“pleased to note that the authors have so completely adopted, 
other investigations, his method of simplified stress measurements. a eel 
The second last sentence under “Introduction” conveys the impression 


that nothing of ¢ consequence has been published i in this country on the subject : 


3 photo-elasticity except the papers referred to. . This i is misleading, | because 
a considerable number of contributions have been made here since 1920 on the a 


subject of the phenomena involved, as well as on the instruments used, which, _ - 


as far as the measurement of the maximum shear stress is —— 7 not 


‘differ much, fundamentally, each other. with the 
stu dy made rears ago revealed.” further state with 


ment; the truth is that only one ray of the white light spectrum is node 
the others being elliptically polarized. Unless the principal stress 
directions in model and comparison strip coincide | a small error in the sues 


ew le Credit is due the authors for adding a new group of problems to ‘the = 


“already: large number in) which photo- -elasticity proves 1 its” usefulness. 


“Purther in Photoelasticity,” Journal, Optical Soc. of America and 


Review of Scientific Instruments, Vol. 18, No. May. 1929, Pp. 
®“The Analysis of Colors Observed in Photoelastic Experiments,” by V. Baud 


and W. D. Wright, Journal, Optical Soc. of America, Vol. 20, No. 7, Juiy, 1930, p. 381. 


i2“Contribution to “Study of Efféct of Elliptical Polarization Energy Trans-— 
mission,” by V. Baud, Journal, Optical Soc. of America, Vol. 21, No. February, 
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ae MEssrs. PET TTIS, AND W. G. 


M. Am. Soc. C. E. (by letter)™*—A beautiful and valuable 


"method. 4 is introduced in this paper, which can be used. i in the solution of. 


certain engineering problems. Every engineering method that is assumed 
be of value, possesses c certain advantages. . It. likewise has certain limita- 


and its full value cannot be "realized unless the limitations 


(Tn presenting a a new method to the Engineering Profession. it is iain 


desirable that the limitations be ‘clearly stated; ‘otherwise, certain engineers, 


in its application. For example, it is important to emphasize the author's 
explanation (see “Plotting in Terms of Mean Flow”) that the run-off —_ 


who are not entirely familiar with the subject-matter, will be led into error a 


at a Point, A, on n the stream may be be used to: represent conditions at “all 


plotting in terms ‘of the mean run- off. This procedure, as Mr. Foster ex- 
plains, involves the aarvateyebruih the run- -off for ‘simultaneous periods at 


other point, B, o m that - stream for 1 which there is no available record, | by = 


the only feasible basis for an of stream flow a point where. 
records are available. In other _words, t the author ‘States clearly that the 
oy method has limitations and that the limitations are more or less. serious; but 


he does not give a scientific analysis of the limitations. 
Under ‘ ‘Graphical | Methods for. Studying Stream Flow,” author or indi- 
that duration curves may be divided into two classes. For convenience 
these may be called: Flood duration curves; and (2) power duration 


eurves. While Mr. Foster limits his to. Class (2), this discussion 1 will | 


ore.—The paper by H. Alden Foster, M. Am. Soc. C. E., was published in October, 
1933, Proceedings. Discussion on this paper has appeared in follows : 
1 December, 1933, by Messrs. Richard ‘Pfaehler, and Edward H. Sargent. itn 


-Col., Corps of Engrs., U. 8. Army, Fort Hayes, Ohio. 
Received by the December 1, 1933. 
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= pa Due to the need for brevity, this discussion is neither full nor complete ; _ 


it ‘is not intended as a presentation of the subject, which would require a 


discussion of limitations. The prineipal limitation : is that the flow must 
= be controlled to any great extent | by lakes, dams, or otherwise, and the dis- 


cussion. is based primarily on humid conditions. Certain modifications are 
ecessary in applying | the method to semi-arid and arid regions. 


wud In 1924, the author "presented a mathematical method to be used om 
 neetion with flood (or other) duration ¢ curves, ‘That paper is the foundation 
of much of the work that i is being done to- be, and it marked a turning point — , 
. in the trend of thought on ‘the subject. It did not define the limitations of. 
the method, however, and, as a result, certain engineers, with a mathematical 7 
inclination, have applied the method to 20-yr records, and ha freely 


| dicted the 1 000-yr_ flood, even 10 000-yr or flood from them. Some 


ntly, 


| indicates that the duration curve is governed by slightly different laws for 
ae the section below 100 yr, r, and the section above 100 yr, which includes the 4 ag 
floods. too extension of curves, ‘based on short records, above 


a ‘There are four -semi- -independent methods of obtaining the probable 100-yr 


food at t any given station. + The Foster probability method, which requires a -_ 


ee? 


river ‘record, i is one of these methods. The probable 100-yr flood, can 
’ be obtained for any station in n the United ‘States, with o or without a record, 
| witha fairly high degree of ac accuracy. Practically all ‘such determinations 7 
can made with a probable error considerably less than 10 per cent. 
such determinations are used to check the accuracy of the Foster probability — : 
7 determinations based on 20-yr records, it will be found that they have a prob- 
4 able error of about 25 per cent. Leva 2 
bev Furthermore, about four out of five of such determinations will | give — 
~ values that are too low, this being due to the nature of the records, and the _ - 4 
relative “rarity larger floods. In ‘other. words, the blind application of 
the Foster method to 20-yr records w will give results that are erroneous and mis- a 
leading. The fault does: not lie in the method, but in the inadequacy of the 


The writer’s width formula” f for the 100- -yr ‘flood 


y _ country, so that the study ean be placed | on a a statistical basis. © 


formula meets every statistical ‘requirement, ‘including close with 
determinations by the Foster method when the records are more than for 


“Theoretical Frequency Curves and Their Application t 
‘Transactions, Am. Soc. C. B., Vol. LXXXVII (1924), p. 142. 


— -Year Flood,” by C. R. M. ‘am. 
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results, river records the 
and all records. are long ‘enough to be of any statistical 
: _ value, should be subjected to the Foster method, the mean formula, ¢ and the 
logarithmic method. thus and checked, the: width formula is 
; m.. giving a value. for Que, Equation (1) locates one point on the duration 
for the station in question. ‘Most short- -time records, such as 20-yr_ 


records, will give duration curves ‘that are not truly representative, and that 


The mean maximum annual ‘flood, or the probable 1-yr flood, Qn ,m = be 
i 
from a river record, or may be computed by the formula, 
‘in which, L jis the length of the river, in 1 miles.’ This: gives the mean “flood te 
with: reference to which other values on the duration curve may be pe: i ne 
+The probable 100-yr flood in terms of the mean — Weil 
fixes the mean line the duration curve; Qio gives an upper 
- point on the curve; and, we a definite relation between the coefficient ti 
of variation and the coefficient ‘of: skew. The curve is-now ; fixed within fairly . 
m 
"narrow limits. It is fully fixed if a value i is for either the coefficient 
of variation or the coefficient of skew. SF ond of 40), t 


will give a probable error of less ‘than 10% with a 20- -yr which 
 e—-. gives a fairly good value of the mean, and it is believed a fairly — W 
-_ good value of the coefficient of variation. The coefficient of skew i is the prin- ti 
cipal element of uncertainty of the Foster method with short-time records. — P 
we The duration curve as plotted gives values that will probably | be equalled fl 
or exceeded in different frequency periods. The writer prefers to use the 
probable maximum flo flood that will oceur in a given frequency period, 
4 The following approximate relation can be used to convert from one to the ." 
other: The probable maximum flood in a given period, F, equal of 
- the flood that will probably be equalled or exceeded in a period of 2. 5 F yr. it 


aS A consideration of this relationship suggested the logarithmic method “ 


2 


2928! 


An average value. of K can be a river by using values: 
of F of 1, 2, 4, , 8, ete. - This method i is much simpler to apply than the Foster 
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In eral, it to be almost, but n not as s accurate as 

given in this derived rationally, one step. 
A - leading to another. _ They have all been checked against actual river records. 


Collectively, they are far more scourste than any | of ‘flood 


the point where it can be classed as an exact science, the founda-— 

‘Specifically, it is possible to construct a synthetic flood « curve 
for some 1 river point, B, without | a record, with the knowledge that: the syn- 
thetic curve will probably represent conditions better than a curve: trans- 


planted from some other point, A. points there is” 
7 tendency, subject to temporary reversals, for the values of =? to decrease a 


It is believed that the 9 power duration curves 0 offer 
interesting field of investigation, and that the analysis’ will be no more 


Bloated n nor difficult than was the similar analysis of flood duration curves. 


W.G. Hovr," M. Am. Soc. C. E. (by letter)" —One phase of the ae 
a tion curve, which is of national and international interest, is not discussed . 
4 by Mr. Foster. In 1909 the U. s. Geological Survey prepared the first esti- 
_ mates of the potential power of the United States for President Theodore 
Roosevelt’s National Conservation Commission. In making these estimates,” 
two rates of flow wer used—a s so-called minimum flow obtained by averaging 
the two consecutive day periods of lowest flow in each year, and a higher 
‘rate based on the stream flow that could be assured for six months of the year. > 
These rates are fairly comparable with those still being used by the Canadian — 
Water Power Service. About 1919, the Geological Survey undertook acompila- 
tion of world power - statistics for use by President Wilson’s advisers at the 
Paris Conference following t the World War. As detailed estimates of ‘stream 
flow were not available for many countries, past refinement was impossible, a 

and where more reliable information was not available the estimates of ion - 
“were b based on a flow believed to be available 75% of the time. he 
During the period, 1910 to 1920, there was s a rapid in the use 
of the « duration curve among engineers, largely, it is believed, as a result of 
its adoption by the New York State Water Supply Commission. . On account 
of its many apparent advantages, duration curve was “adopted by the 
‘U.S. Geological Survey - about 1920 as a. basis for defining rates of flow to be 
used in computing water-power statistics. At that time two rates of flow— 
namely, the flow available (90% | of f the time (designated Q90) and the flow — 

available 50% of t the time ‘(designated 050)—were adopted as Geological ae 


re 


af 


16 dr. Engr. (Prin. Conservation Branch, U. S. Geological Survey, ‘Washing- 


Supply Paper No. 234. 
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Discussions 


When the Federal Power Commission was created, in 1921, the Commis- 
sion adopted the ¢ Q90 rate of flow 1 as a basis for computing the project horse- 
"power capacity on which administrative charges were to be levied. At a some- 
what earlier date the Wisconsin Railroad Commission adopted the Q50° flow 


for estimating the horse-power capacity of sites under license by that Com- 


At the World Power Conference i in London, England, in ‘July, 1924, re- | 


ie ports were presented on the developed and undeveloped re: resources of the various 

countries represented. These reports used no common s standards for stating 

the power resources of rivers, and, therefore, it was impossible to make. reason- 

ably satisfactory comparisons of the resources of the different countries. . After 

: the publication of an editorial i in the Electrical World for | October 11, 1924, % 

entitled “Wanted— Standard Method for, Rating Rivers,” the | American 


tion), authorized the a of a "Sectional Committee to 
bases for computing, and units fo for expressing, water- “power resources" for 
statistical use and for the purpose of making comparisons b ‘between different 


After two years. discussion, this Sectional Committee tentatively 
opted the Q90 and Q50 rates | of flow and ‘recommended that these rates be 


the thabweticel’ ‘power of rivers, kilowatts. Consideration of these rates” 


by the American Standards Association i is being held up pending international 


1927, an International Advisory Committee on Rating of Rivers was 
created by the International Electrotechnical Commission, The countries 
a making up this International Committee included Canada, Czecho- Slovakia, 
B France, Germany, Great Britain, Italy, Norway, Sweden, | Switzerland, and 
the ‘United ‘States. The United ‘States National Committee acted as 
with the personnel of the Sectional Committee previously men- | 
tioned acting as the ‘United States ‘Advisory Committee. _ After protracted 
correspondence. and meetings s, the International Advisory Committee, at a 
‘meeting in Stockholm, Sweden, on July 4, 1930, adopted hires rates of flow— 


i 
a namely, the flow available 95% of the time (or peeitailind: equivalent) ; the 


in translation, “these tates have not yet (1934) officially ¢ adopted by ‘the 
International Electrotechnical Commission, the French National Committee 


7 Or. the International Electrotechnical Commission. In the meantime, the World 
ae the rates of flow as s¢ set forth, using gross head, 100% efficiency, and (95, 


— insisting thus far on defining each rate of flow as the average of | the duration 

_ curves for each year rather than the duration curve for the period as a whole. 

‘ it is expected that this difficulty will be straightened out soon, and that the 
Ss recommended at the Stockholm “meeting will be > officially ‘adopted by 
. = Power Conference | has as adopted as as a basis fo for its internationa’ power statistics 

Q50, and the mean flows, and expressing the theoretical capacity in kilowatts. 


;S engineers who have attempted to reconcile estimates pened on rates of 
fale : flow other than the duration curve will realize the importan e of a national | 
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40 YTAIDOe VADING MA 
and inteenational standard. it is doubtful whether agreement could 
: been reached on the basis of any defined rates of flow other than those ob- 
tained through the use of the duration curve. Reasons: justifying national 
and international adoption include the following: (A) It is in widespread 
_ use among engineers in many countries; (B) rates of flow based on the curve 
are are easily defined; (C) defined rates of flow can be easily checked by inde- 
7 pendent computation ; and (D) the curve presents a generalized picture of 
- curve e the abcissa of which at any point shows the number of time units or 
abcissa of which at any point s shows the number of time units or the percent- nt-— 
¥ duration curve may well be considered a special form of hydrograph, cl 
it is made from exactly the same data used ino the preparation of a hydro- 
weekly, or monthly data are plotted. _ Likewise, | ‘the area under | a duration a 
curve represents the total flow regardless: of whether the time unit used i in Ee 


ae 


flow and the ‘relation of flows to the time covered 

by the record. ADT TAA OVIAUC 

’ ‘There is some confusion among engineers as to the relation between the 
the percentage that the flow was less than the amount shown by the ordinate : 

age that. the flow equalled ‘or ‘exceeded the amount shown by the ordinate 

_ of the curve at that point. — A deficiency « curve is readily | convertible into a 
duration curve, or vice _ by using the component of the time units. 
graph. ‘It i is arranged differently, however, ‘the discharge data being plotted . 

in order of ‘magnitude rather than in order of occurrence, . The area under a 

-hydrograph ‘represents the total flow regardless of whether the hourly, daily, 


duration curve » and the deficiency curve. The latter may be defined as a 
of the curve at that point. A duration curve may be defined as a curve the 


it preparation is the hour, day, week, or month. 
_ ares The hydrograph ir indicates by its form the time unit that has been used. 
cia, | The plotted d b f d how th nd, 
—) gg the Pp otte uration curve y its form does not show the time unit, an 
and _ therefore, the explanation must always indicate the time unit used. A dura- 
as 


curve that averages rates of flow corresponds: to a  hydrograph that is 


based on averages and is not a true duration ‘curve: any more than a hydro- 
F graph - thus prepared i is a true hydrograph. As the area under duration curves — 
dee - based on hourly or daily | observations or. weekly or “monthly means is the 


ant r same, curves based on any two of these different units will always: cross each 


the other, and the negative area will equal the positive area. example, 


ties “curves based on daily observations and monthly means will be ‘separated at 
the the minimum discharge end by : an amount equal to the difference between the 
minimum daily discharge and ‘minimum ‘monthly mean, and in similar 
ton hapeiag! curves will. be separated at the ‘maximum end by an amount equal — 
to the difference between the corresponding maxima. difference between 
the “euryes based on hourly, daily, weekly, or monthly data is an indication of. 

by ‘the magnitude of the fluctuation of | the flow within the same time unit. "The “# 
orld difference between duration curves based on daily ‘discharge and monthly 
_ discharge, when | expressed in terms: of volume, will represent the amount < 
0%, ‘storage necessary to take care of variations in flow through the ‘month | crenata 
that shown by the mass curve based on monthly data. 


— 
1- 
— 
the 
ig 
— 
— 
— 
or — 
nt 
tal 
sly — 
ite 
tes 
nal | s/s 
— 
- 
i 
Fea 
— 
— 


DEFORMATION OF STEEL -REINFORCEMENT 
DURING. AND AFTER CONSTRUCTION | 


4 


me E. Ricwarr,* *M. Am. Soc C. (by letter)™. _The paper by Professor 
 Sergev performs a useful service in again demonstrating to engineers that 


actual stresses and design working stresses in reinforced concrete columns 


are rarely the same. It is hardly correct to say that a ‘comparison of these 
[Se oint Committee working] stresses with the observed stresses indicates the 


ties | 


‘departure of the actual from the anticipated,” because no one “should expect 
the J oint Committee formula to indicate the ‘petnal stress at just any stage 
of development of flow and shrinkage. | On the other hand, and contrary to 
the author’s statement, the Joint Committee formula does allow for the 
occurrence of stresses i in columns due to a definite: and ‘reasonably Te 


“amount. of shrinkage ‘and plastic flow; also, because of a varying factor of 
safety, it discourages: the use of small steel percentages which would result 


in undue steel stresses due to time yield effects. ‘The Joint Committee 


formula was the logical sequel to. the classic paper by McMillan in 1921," 
in which the importance of shrinkage ana flow was comprehensively treated. 


Tests of the effect of flow and shrinkage formed | a large part of the column 


observation for 1 year to 3 years. 
would have been desirable had the between the 


‘od effects of shrinkage and flow. ‘This could have been done by taking readings 


“dummy” | or unloaded specimens to determine the shrinkage. As it is, 
in Tables 2 and 3, the | stresses are listed as due to § “shrinkage and actual 
~ Similarly, the modulus of elasticity ‘of the concrete might well have 


been instead of assuming ‘it to be 2.000 000 Ib per With 


Notp.—The paper I. Sergev, was published in October, 1933, Pro- 
AL ceedings. Discussion on this paper has appeared in Proceedings, as follows: _ November, 
1933, by Messrs. William Russell Davis, and J. R. Worcester, = 
Research Prof. of Eng. Materials, Univ. of Urbana, 


if 


 %“A Study of Column Test Data,” by F. MeMillan, M. Am. Soe. C. E., Proceedings 
Am. Concrete Inst. 1921, p. 150. 
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cylinder test strengths of exactly 5 000, 3 000, and 3750 lb per | sq. in, as 
| given in Table 1, the value of E should doubtless be much higher, although, 
; a as the author states, the effective value appears to be lower from the test data. 


J - ha: The location of gauge lines on bars before we they are sees in the , form, 


7 and the reversal of the strain- -gauge end for r end during readings, are opera- 


ts 


tions from ¥ which great accuracy can hardly be expected. Differences in 
manner | of | holding the gauge and slight bending of the bar in placing it in 
the form will introduce large errors. These methods would hardly be expected 
to support Conclusion. %, for example, which states that framing a 
into one side of a column produced flexural steel stresses of 600 Ib per ‘sq in. 


in compression and tension, | on the respective sides of the column. This 
: stress corresponds to four-fifths of a division of the gauge dial and is within 


= ‘The break in the time- -deformation curves of Figs. 2 and 4 of the paper 
“seems hardly necessary. | In Fig. 2, the points for two of the columns show ; 
i no marked break, but great ‘importance i is evidently attached to the variation 5 
in readings for the third one. In Fig. 4, the break in the curve is introduced _ 
q because of two observations which are about one dial division off of the 

“regular trend of the curve. ‘The writer can see no great significance in this 
of. the time- deformation curve and cannot see therein: the basis. for 


conclusion that “conerete and steel do not act together during ‘the first 


seven days” after pouring, wher reas the usual assumption is that they act 
to together at all times.” Certainly bond is developed at early ages. + Abrams" 
hd has showed that the bond strength at 2, 4, and 7 days for concrete of this = 


| / general grade is just as great a proportion of the compressive strength as it 


oe ti The statement that, in the case of ‘columns , “the rich mix defeats the 


purpose for which it was intended,” would | seem to be a rather unfortunate ba 


generalization. While the columns of ‘rich “concrete ‘did show steel stresses 


1 of 25 000 Ik Ib per sq in. after 2 years and 4 months as compared to 19 500 Tb 4 
an sq in. for the leaner concrete, the difference is ‘not alarming. Much 


"greater d differences i steel stresses might be expected from a variation in 


"percentage of longitudinal steel than that due to a variation concrete 


The conclusion that ‘ “based on the allowed ‘steel stress, the designs are 


unsafe,” may be questioned: In the first place, the factor of safety involved 
k n the J oint Committee formula. is rather large, especially in the region of 


mall steel percentages. - Furthermore, it has been well established that initial 
- shrinkage and yield stresses in columns have no effect upon the ultimate 
* when the column is loaded to failure. The outstanding feature of LG 


such columns i is the undesirable amount of shortening that may be produced 


The ‘writer agrees with the author that the effect of shrinkage, and 


“Tests of Bond Between Concrete and Steel,” by D. A. Abpaine, M Soc. C. 

ulletin 71, Eng. Experiment Station, Univ. of. Illinois, Urbana, | 
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[ADLEY ON DEFORMATION OF Discussions 


: ae lesign formula cannot contain terms involving variations in shrinkage, flow, 
‘modulus of elasticity, strength, ‘and. other properties which occur as 
aaa eae structure ages, but it must be devised to cover such combinations of these 


<a a time and load elects as may produce unfavorable or dangerous conditions in 


Homer M. I Havuey,” * Assov. M. Am. Soc. C.E. (by letter The results 


to the store: of engineering knowledge that slowly, and bring about 
a truer understanding of the behavior and of Nature. Professor 
reports reality from that greater laboratory where Nature works with full- 


sized models. Even if the exact: conditions of testing cannot be 


oe: ‘half; years, are summarized in this paper, which - is one of those contributions 7 


‘controlled, there ‘is a compensating advantage in the elimination of errors 


of interpretation and - judgment which may occur when reasoning from the 
; behavior of small models to the expected behavior of larger ones. | The writer 


would express his appreciation to Professor Sergev for his work ‘ead report: 


The author’s findings are in accord with those of the Committee « ps Rein- 
Concrete Columns of the American Concrete Institute. Shrinkage 


the concrete induces compressive stresses ‘in the reinforcement which, 
‘upon relative cross- -sectional areas of the two materials, the 


various. physical and chemical properties of the concrete, its age, ete., are 
of varying magnitude in general, are of high value when contrasted 


with the values commonly assumed in current design. 


as It is always something of a shock to find that theories 0 one has accepted | 
es x2 unquestioningly and has fully believed in , are not so. Some of Professor 
Pe ae Sergev’s terms and expressions indicate that he has not completely adapted 


ee himself 1 to the change from the aforementioned Joint Committee’s maximum 


allowable. stresses: to those he observed. Regardless of unconventional values, 
7a cs however, attention must not be diverted from the fact that: the Joint Com- 


mittee procedure and rules ‘ “work” — they produce structures s that are staunch 


eS and safe — — and, as indicated by the T- -beams i in the pare. may be excessively 


Undoubtedly, the reinforced concrete column must be considered in a new 


light, in view of these and similar observations in recent years, That in 


"numerous cases shrinkage stresses in the concrete in combination with the 


eolumn loads have stressed the reinforcement to the yield” ‘point cannot be 
questioned. ‘Mere probability and the tens of thousands of concrete columns 


cessfully. lateral ‘support are. provided | by. the 


enclosing conerete, by spiral, or by. numerous closely spaced binders | or ties, 
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oe” Bs es hy Should not longitudinal reintorcement be stressed to the yield point when — 
— i i" at juncture the practically unstressed concrete is capable of assuming a nt 
_ Regional Structural Engr., Portland Cement Assoc., Seattle, Wash. 


the total pea load as being 160 000 lb. Should this entire load be ‘doubled i. 7 


by some means and should all the i increase come upon the concrete, it would | 
ie result in an additional stress of 492 Ib per sq in., _ making a total concrete 
- stress” of 502 lb per sq in., ., with concrete which Table 1 shows to have a 
_eylinder strength of 5 000 Ib per sq in. | There does not appear to be > anything - 
alarming in 1 this prospect, particularly when the doubled column load is 
purely hypothetical and has no conceivable source or origin in the building. 
eal Toward the end of the paper Profgssor Sergev ‘states that “the a average ~ 
| -eolumn design favors the concrete, but not the steel. Based « on the allowed a 
steel stress the designs are unsafe.’ . Furthermore, he states that when, event- = : 
\ ‘ually, - the yield point: of the steel is reached and subsequently large deforma- 
tions occur with increase in load, “the concrete will take a larger 
share the imposed load, a fact which : may explain why some 


concrete columns do not fail when seemingly they should.” The suggesti ons . 


4 


7 in this wording are not the happiest. The evidence submitted in no ‘ae 
indicates lack of safety in the columns no nor incipient failure. — All that is | 
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SOCIETY. OF CIVIL) ENGINEERS 


OC. M. pam Soo. he letter)® is not an 
which has been self-assigned to the writer—that of criticizing adversely this 


carefully and prepared paper. is one criticism, however, 


Due to . the z normal atenil i pressure of soil, the results of any tests x must be 
misleading if not valueless unless they are made on a scale e sufficiently large 
to preclude the possibility of lateral arching, either vertical or horizontal. 
‘This applies even with greater force to kiln-dried sand which, in the writer’ 8 

judgment, is the only material in which such tests: should be 
_ The fallacy of expecting results of value from apparatus having a “face 

of of even 5 ft 3 in width can be shown | by making the following simple test or 

experiment. ok box of 1-ft cube is constructed without top or bottom. — A 

bottom plate, slightly larger in area than that of the box (say, 14 by 14 in.), 

carrying four 15- -in. bolts, one near ‘each corner, forms the loose “unattached 
7 bottom. | The box is filled level full with kiln-dried sand and a top plate about 

10 by 10 in. ‘in area, with bolt holes, forms the top. _ The bottom plate — 

is brought to bear firmly against the bottom « edges « of the box | by tightening 

the washer bearing nuts at the top. As these nuts | are tightened, the sand 
in the box is firmly compacted; but instead of transmitting this | pressure to 4 
_ the bottom, it is transmitted laterally, and friction is d developed between the 


It will be seen that the | deve of | can readily be made 
sufficient to carry the ‘sub- arch sand bearing on the bottom, which time 


4 ‘the box can be lifted a as a whole and carried about without danger of collapse. 
If the inside faces of the box are not too - smooth, the friction, of course, 


Has. B tt is necessarily true that if this can be done with a 1-ft cube, it can be 
done with a 5 ft cube; except that it is relatively more difficult to transmit 

by hand the pressure necessary to develop the required friction to ‘support 
ae the 1000-lb load on the bottom of a 5-ft cube than to support the 8-lb load 


eam Notr.—The paper by H. de B. Parsons, M. Am. Soc. C. E., was published in November, 

- 1933, Proceedings. This discussion is printed in Proceedings in order that the views 

may be brought before all members for further discussion. 
8Cons. Engr., Brooklyn, N.Y. 
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n the 1-ft cu ibe. Under  natur 1 conditions this is by increased 
frietion and cohesion due to to | increase of depth sufficient 
to provide relatively larger. frictional area. vim 
‘it can be shown, therefore, pressure on a 5-ft cube may 
be fully developed even in kiln-dried sand, the results of tests made in a box 
with only a opening 1g must necessarily be. misleading and without definite 
& = a This i is true not only with kiln- dried sand, but with moist sand, since a) 


wh 4 
it can be readily | shown that one side of a 5-ft cube of ordinary “moist or 
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at Two 24-in. /-Beams@ 70 Ib 

Fie. 5.— oF SAND BIN FOR MEASURING LATERAL EaRTH PRESSURES. 


For a long time the writer has advocated proposed the making of 


| : “tests on a scale sufficiently large to obviate the possibility of erroneous ‘results 


from lateral arching or other causes. The tests or examinations, as mT 


iy ‘Test 1. —Determination of Force and Value of Lateral Earth Pressure —In 
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be 2 without developing anv side pressure — 
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on a scale at least as as that shown, otherwise the eohe- 
siveness of soil particles, as well as the . lateral arching properties of the soil 
will make the tests of little or no value, + anal 
Fig. 5 shows } an apparatus consisting of a bin 20 ft high, 40 ft whi 
and 40 ft long, net inside dimensions, in a pit or in the open, and braced and 


tied ‘across so as to leave it internally clear and. free. of all tie-bolts. The 


; face of the bin is ‘made of four’ louvers, ¢ each 5 by 40 ft, and backed by” two on 

4 2+in., beams to insure ‘stability and ‘stiffness. These beams are faced | 

* ; and connected so that the top one of each pair slides on a horizontal arm in | 

order that no pressure is exerted on the one next below it or on the bottom | 
= Eight hydraulic pressure gauges or dynamometers are used to 
pressure that is transmitted directly to these gauges. In order to over- | 
come friction and to insure exact data, 1 the pressure on all | ‘gauges is raised 

equally to, say, 10 Ib (or as noted), » by means of eight weights. Each 1 of 
these weights, acting through and over” a pulley, is attached outwardly to, 
_ each end of a louver. It is thus sien that any pressure from the soil will be Ph. 
transmitted directly through each louver to the gauge. 7 
a P Rie light roof or cover should be provided to insure the maintenance of iv 
. dryness, particularly for the kiln- dried sand with 1 which the bin is first filled. i= 
As soon as the bin is filled, and while it is being, filled, the gauges are 
a to note the varying and continuing pressures. As soon as this test has 


; repeated to insure against errors, the bin is left level full with dry sand and 
the readings are noted. Uniformly spaced and properly located superimposed 4 


loads ¢ are then erected on the top of the sand and the readings of the » various: 


gauges: noted as the loads are increased. The bin is then emptied and filled 


— with normally dry sand and finally emptied and filled with normally aa 
and gravel, and the various readings are noted. “alt. 


It is essential that this test be made with louvers” sliding 
Be... on arms in n contact with, but independent of, each ‘other, backed by heavy 
beams to insure against distortion and friction by 


oe ‘Test 2—The next test is to detonatins ‘the arching value of soil in its 

te relation to pressure on a tunnel roof at varying depths. A pit about 15 by 

ane 20 ft at t the bottom, is excavated to a depth of 20 ft, with sides as steep as 
2 


We the ground will stand. A heavy box »x platform + about 15 by 15 ft by - 4 ft high, 

ae opening into a a braced ‘shaft at one side of the Pit (see Fig. 6 (b)), has a 


10 by 10-ft opening in the top and is s‘neranded © with a false bottom below , and 
one inside the top. It is supported by four hydraulic jacks with g gauges. _ The 
bin is then filled with _kiln- dried sand and the increased ‘pressure 


Ae the g puree is noted as the depth of sand is increased, | or until no further in- 
or when this point or height i is reached, superimposed loads are added 
and increases of | pressure (if any) are noted. “This test may be repeated with 
moist or normally dry sand or pers but it is believed that the best results _ 


be noted with the kiln- dried sand. 


Test 8.—A large pit, say, 30 by +50 at the (see Fig. and 
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MEEM ON SOME SOIL PRESSURE TESTS | 
TESTS 

porous soil. _ A coffer-dam a ie: master sheet-pile type is then driven into 


the bottom soil with the master-piling | penetrating about 5 ) ft and the sheet-— 


piling just into or below the bottom. master piles are are ‘then braced at 


i 


10 15 20 


Scale ‘in in Feet 


Fit ‘the pit outside the coffer- dam with sand, then flood it to above the 
— level of the sand. Replace the bracing with bracing carrying pressure gauges 


and note the pressure, _ Then gradually pump the water from inside the coffer- 


dam and note the increase of pressure (if any) due to the lowering of the 
water. This test should be of incalculable value to those who contemplate 


is believed that the tremendous importance of the | fro om su 
tests would lead the author to consider the possibility of making them with | ‘= 
- €0- -ordination between such facilities as he 1 may 1y have at his command. It is 
simply bringing his own tests out of the danger zone of a ‘scale 


small to be of value. . The writer will be glad always to assist and « co- -operat 
- as. much as possible in making such tests. 


Concerning the question of the use of the term, onatiea 


finds some objection because the plane of for 


or moist soils is found usually to. have a curved instead of a rectilinear 


¢ross- section. . The angle of repose is that angle between the normal slope « of 

- the soil after the soil above the plane of repose has slid away, and the a 
If the line measuring this angle is curved instead of rectilinear, the 

angle of repose may be taken as the mean of ‘the all the angles 


It is certain that the only pressure possible 


a wall from sandy 
soil must come from: that or tending to and 
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APPLICATIONS FOR ADMISSION AND FOR 


‘all ‘applicants. for Admission or for Transfer, 2 and, in 1 order to to determine justly 
the eligibility of each candidate, the Board must depend largely upon the 


> This list is issued to psa ay in every grade for the purpose of securing — 
“all such available information, and every member is urged to scan carefully 
each monthly list of candidates and to furnish the Board with data in 0d 
to any applicant which may aid in determining his eligibility. It is the Duty 

- of all M embers to the Profession to assist the Board in this manner. _ ct een 
is especially. urged, in. communications concerning applicants, that a 
Definite Recommendation as t to the Proper Grading in J Each Case be given, - 3 
inasmuch as the grading must be based upon the opinions of those who know Pe 
the applicant personally, as well | as upon the nature extent of his 
fessional experience. If facts exist derogatory to the personal character 
to the professional reputation of an applicant, they should be promptly com-— 
municated to the Board. Communications Relating to. are con- 


sidered ‘by the Board a as Strictly Confidential. 


__ The Board of Direction will consider the , applications: herein con- a 


tained from residents of North America until the expiration of thirty (30) - 


days, and from non-residents of North America until the expiration of ninety — fi 


Qualified to design as well as to "Qualified to design as well as to | 
a 
Junior ye Quali 20 yearst 4 years* 

Affiliate | ments or practical experience | 35 years 12 years* 5 years 

Graduation from a school of engineering of “recognized reputation i is equivalent years 
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ROR ADMISSION 


, JOHAN A AUGUST, “Ardsley, | HUBBARD, JAMES WILLIAM, -Smethport, 
(Age 25.) Refers to E. G. Hooper, C. ‘T. (Age 35.) Supt. ‘and Gen.~ Mgr., 
ADAIR, GEORGE PARKE, Lynbrook, N.Y. __Herber,, D.. Moomaw, 
“(Age 26.) Field Engr., Erection Dept., Mc- _Olson, J. R. Pollock, H. G. Wray. | 4 
Clintie Marshall Corporation, New oe ae KELLY, WILL LEE, Ft. Worth, Tex. (Age 
_ City. Refers to H. P. Hammond, P. G. 40.) With County Engr.’s Office. Refers to 
Laurson, R. A. Pendergrass, E. J. Squire, Ww. H. Bosier, J. H. Brillhart, F. D. Euphes, 
J. H. Wagner. J. H. Knox, F. EB. Lovett, W. M. Powell. 


Cal. KLINGENBERG, ALBERT CHARLES, Belti- 
wage 55.) Associate E ngr. with more, Md. (Age 29.) Catalano Constr. Co. 
Baker. Refers to D. M. Baker, M. H. to H. H. Allen, J. E. Greiner, 

_ C. Everham, J. V. Hanna, F. G. Jonah, Knoerle, H. G. Perring, 0. H. Schroedl. — 
Cc. Smith, S. L. Wonson, KRZYWIEC, VLADIMIR JOSEPH, | New 
- _plleeee, WALTER EMERSON, Haddonfield, York City. (Age 49.) Refers to B. A. 
oN. J. _ (Age 51.) ‘Delaware River Bakhmeteff, Vv. T. Givotovsky, N. B. Jacobs, 
Cohen, ufour, ( y 4s 
Ray, H. J. Sherman. vay ‘LaMOTTE, FRANK WILLIAM, Columbia, 
DEMING, _ STEPHEN ARTHUR, Kansas S. C. (Age 30.) Engr. Refers to 8. 
City, Mo. (Age 27.) Asst. Project Engr., Epstein, — P. 
Boyee, State Highway Comm. Refers to Jones, Legare, ‘owe. 
yce, G. H. by MaeLEOD, COLIN HUBERT, White 
Lawrence lown, tice, (Age 31.) Asst. ‘Engr. to W 
| DOVERSPIKE, HARRY CLYDE, St. Paul, San. Comm. Refers to E. H. Feldmann, 
Minn. (Age 36.) Asst. Civ. Engr., U. J. Laverty, C. J. Suhr, J. W. Van Denburg, 
Hill, W. L. Kuehnle, J. Lambie, . W. WALTER TOWNSEND, Tena- 
MeIntyre, J. L. Southworth, fly, N. J. (Age 47.) Private practice (de- 


veloping estates), New York City. Refers 
“iloston, Mass. (Age 28). Student, Debt of W. B. Hunter, H. T, Immerman, Melt- 
Civ. Eng., Tufts Coll., Medford, Mass. Re- fC 7 wae B. A. Prentis, J. F. San- 
fers to W. C. Bodycomb, H: P. Burden, nite 
G. W. Burpee, W. Lefavour, F. N. MeMANAMNA, THEODORE “LOUIS, To- 
ronto, Ont., Canada. (Age 30.) Field Engr. 


FLANIGAN, PIERCE JOHN, Jr., Baltimore, and Mer., international Water Supply, - 


Refers to E. Boyce, R. S. Charles J 

(Age "22.) Refers to 8. A. Becker, M. 
> Jr., J. P. Lawlor, R. E. Lawrence, 

R J 40s Angeles, Cal. 

(Age 24.) Refers to R. E. Davis, Derleth, Lansdowne 
Jr. B. A, Etcheverry, R. M. Fox, S. (Age 
Harding. C. G. Hyde, G. E. Troxell. ortland Cement Association, Philadelphia, 
Pa. Refers to A. J. Boase, W. Pasby, Jr., 
- GOODHEART, EDMUND JAMES, Los Ange- = W. Follin, C. T. Johnston, M. den H. 
les, Cal. (Age 29.) Refers to J. H. Brill- iz Kolyn, H. E. Riggs, E. C. Shoecraft. - 


a hart, T. S. Byrne, L. N. Fisher, H. B. Fried- MEHLA, i 
’ RAMESH SUMANT, Ahmedabad, 
T. 8s. ‘Needels, India.” (Age 27.) San. Engr., Duncat 
HATCH, LORANUS| ‘PENDLETON, Cam-  Stretta & Co., Bombay, India. Refers to 
_ bridge, Mass. (Age 28.) Research Fellow , R. Camp, i. N. Ogden, C. M. Spofford, 
in San. Eng., Harvard Eng. School. Refers ane P. H. Underwood, L. C. Urquhart. — ae 


to G. M. Fair, A. Haertlein, BR. H. Sprague. MURR AY, MATTHEW SWEETMAN, Kansas 
HATHAWAY, GATE ABNER, Mo. R (Age of 
Mo ge 3 on ngr. orks. Refers to EH. Black, 

Dept. Refers to G. J. W. Cun- Cc. E. Johnston, T. J. Strickler, N. 

ningham, G. C. D. C. Henny, H. Veatch, Jr., R. W. Waddell, 


_- Rogers, J. C. Stevens, C. W. Sturtevant. __-NARVER, DAVID LEE, Los Angeles, Cal. 
HELLSTROM, BO MANNE, London, S. W. 43.) Holmes & Narver, Ine. Refers to 
1, England. (Age Partner, Vatten- D. M. Baker, R. W. Binder, G. Bowen, 
byggnadsbyran (V.  B). Cons. Cv. Vv. Labarre, A. F. J. Miller, R. P. Miller, 
_Engrs., Stockholm, Refers to W. 
Binnie, H. E. Gruner, H. G. Gowers, 
F. Palmer, G. B. E. Truscott, F. Vogt, 


a 


HARRY JAMES, Jersey City, N. 

(Age 25.) Eng. Asst. ‘with Alexander 

New York City. Refers to T. A 

OLIVER DIMMITT, A. Barbour, F. W. Haley, 4. 


Rock, Cal. (Age 22.) Refers to R. Potter, S. A. Thoresen, R. S. Watts. 


Martel, Thomas, : ROVER, HENRY JOHN, Brooklyn, N. J. 
HOLLAND, ELWOoD WILLI M, Banning (Age 41.) Asst. Engr., Sewer Sec.,’ Div. of 
Cal. (Age - 26.) Jun. Engr. , Metropolita - Design, Bureau of Eng. , Dept. of Public 
Water Dist. of Southern California. Refers — Works, Borough of Manhattan, N. Y. Refers 
to J. B. Bond, B. A. Eddy, R. M. Fox, F. W. todH. R. Codwise, A. Dick, R. A. MacGregor, 
‘DM. Wilson. M. Pinckney, Riedel, A. W. Tidd. 
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Mo., Refers to G. B. Archibald, W. 


ARTHUR GILBERT, Leonia, N. fi 
Sweetserr, 


TRUDEAU, 


J. (Age 31.) Lieut., Corps of E ngrs., U.S. W. W. Horner, F, E. Matthes, 
Army. Refers to C. . Derleth, Jr. G. 
Hyde, C. W. Kutz, H. Marks, 0. Sing- WISEMAN, EUGENE ROLAND, North 


stad, 'W. C. Weeks. (Age 39.) Asst. Prof., Dept. of Civ. 
Ww ENTWORTH, CHESTER KEELER, St. ‘Eng., Rensselaer Polytechnic Inst. Refers 
Louis, Mo. (Age 42.) Associate Prof. of to EB. R. Cary, L. W. Clark, H. B. Compton, 
Geology, Washington Univ., St. Louis; also W. Rousseau, H. O. 


rt, Geologist, U. S. Otis, City, ‘Sharp. 

ge FROM ‘THE: GRADE OF ASSOCIATE MEMBER) 

es, § BARNETT, JOSEPH, Assoc. M., Mt. Vernon, _ City Tr ansit. Refers to B. Franklin, M. 


i ae (Elected March 15, 1926) (Age 37.) _ Golder, S. Harris, H. S. Hipwell, L. B. Man 
Chf. Draftsman, Eng. Design Div., West- ley, C. W. Palmer, Stevens. 
oo County ‘Park Comm., White P lains, 


Co. 7 L ORENCE, WALTER ERNEST, Assoc. M., 
4 . ¥. Refers to E. Anderberg, F. E. Foss, 
Garfield, A. G. Hayden, R. M. Hodges, Metuchen, N. (Blected Aug. 
A. COWIE, GEORGE DURNO, Assoc. M., South Maynard, W. A. Parkin, P. S. Rei- 
bs, Orange, 193.) necke, B. A: Ross, W. D. ‘Waltman, W. C. 
or- ge 45.) Officer-in-Charge, ew York Weeks. 
Field Station, U. S. Coast and Geodetic Sur- ,, 
vey. Refers to W. Bowie, C. Ll. Garner, PITTARELLI, EMILIO, Assoc. M., New 
bia, i > York City. ~"(Blected June 9, 1930.) (Age 
Cc J. H. Hawley, G. fattison, R. S. Patton, ; 
‘KEAST, SCHUYLER SHELDON. ALBERT, Heyman, J. Meltzer, G. Paaswell, A. I. Rais- 
ins, @ Assoc. M., Philadelphia, Pa. (Elected Nov. man, R. Ridgway, 7 
w.f 21, 1921.) Asst, "Engr., Dept. D. C. Waite. 
DARLING. JAMES ARTHUR, Jun., Newark,  MEGGITT, EDWARD, Jun. Lon. 
yo (Elected March 14, 1927.) ‘(Age 32.) don, England. (Elected May 19, 1924.) (Age 
(de- te, The Port of New York Author- | 82. ¥y Senior Asst. with B. L. Hurst, Chart-— 
fers § ity, New York City. Refers to A. P. Ander: ered Civ. Engr. Refers to A. E. Brook, 
elt: @ sen, L. E. Andrews, W. A. Cuenot, H. W. M. E. Habershon, J. Husband. (Applies in = 
| Heilmann, C.M. Noble er with Sec. 1, Art. 1, of the 
_ HANRAHAN, FRANCIS JOHN, Jun., State 
To- College, Pa. (Elected Feb. 10, 1930.) 
ngt.§ 32.) Instructor, Pennsylvania State Coll, OSBORN, LEWIS KNOWLES, Jun., Long 
Ltd. § Refers to P. B. Breneman, H. K. Kistler, Beach, Cal. (Elected Oct. 14, 1929.) (Age 
. G6. R. O'Donnell, R. L. Sackett, H. B. Shat- 29.) Designer, T. C. Kistner & Co. » Los — 
nce, Angeles, Cal. Refers to H. G. Baleom, J. L. 
Edwards, L. R. Hjorth, C. C. More, W. _ 
HUTCHINSON, ROBERT PADDOCK, Jun., W. T. Wright. 
wne, Seattle, Wash. (Blected March 14,” 1927.) ay, 
ngt, @ (Age 32.) Structural Designer, The Austin pgESCHEL, HARRY W yILLIAM Jun., Phila- 
hia, B Co. Refers to W. R. Engstrom, L, : a ‘delphia, Pa. (Elected June 10, 1929.) (Age 
Hover, R. A. Huestis, ¢. “May, G C 28.) Draftsman, Bureau of Eng. Refes to 
1 H.@ More, M. O. Sylliaasen. H. M. Beaumont, H. Gentner, Jr., w. 
JOHNSON, IRVING LAURENCE, Jun., San ‘McCormick, W. B. Nissly, W. K. Wyatt. 
bad, Francisco, Cal, (Elected June 27, 1932.) 
neal (Age 27.) Assist: - Bridge Constr. Engr., ROBERTS, ‘PAUL OSBORNE, Jun., Brook- 
s to™ Triangulation Div., San Francisco- ound haven, Miss. (Blected Feb. 24, 1931.) (Age 
ford, @ Bay Bridge. | Refers | to D. Butler. D. R BL. ) Bridge Inspector, Mississippi Central 
Cate, B. C. J. W. Gross, R. Refers to R. L. Ehrlich, J. 8. Hazel- 
nsas Proctor, . Bwigert, D. sitathas Warren, J. F. I. Louckes, H. V. Pittman, C. S. 
ablie Sample, L. A. Weeks, L. Wonson. 
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will consider the applications mn this list not less than 
rs to thirty days after the date of 
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